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PREFACE 

In  the  collection  and  presentation  of  the  material  for  the  Electric 
Railway  Handbook,  the  aim  has  been  to  get  together  in  compact  and 
usable  form  a  large  amount  of  the  information  which  the  electric 
railwajr  engineer  frequently  requires,  but  often  finds  only  after  an 
extended' search  through  mechanical,  electrical  or  civil  engineers' 
handbooks  or  the  files  of  technical  journals  or  proceedings  of  engi- 
neering societies.  The  field  of  the  electric  railway  engineer  is  so 
broad  that  such  information  has  necessarily  been  very  much  scat- 
tered, and  progress  has  been  so  rapid  that  a  great  deal  of  valuable 
material  has  been  available  only  in  periodical  publications,  where, 
unless  held  by  a  good  index  system,  it  was  soon  lost  to  the  operating 
engineer.  The  idea  of  a  reference  book  fot  the  practical  electric 
Dt^  railway  man  has  been  kept  in  mind,  and  no  attempt  has  been  made 
j^    to  produce  a  text  book,  although  it  is  believed  that  the  book  may 

be  a  useful  aid  to  the  student. 
^         It  has  not  seemed  wise  to  include  detailed  material  relating  to 
'^^     power  plants  as  such,  as  this  is  a  field  in  itself,  well  covered  by  exist- 
|1     ing  books,  and  requiring  much  more  space  than  is  available  here. 
1     Such  matters  as  the  influence  of  amount  and  character  of  load  on 
^    the  capacity  and  location  of  power  plants  and  substations  are,  of 
,    course,  given  due  consideration  in  connection  with  such  subjects  as 
^    power  requirements,  energy  consumption,  feeder  layout,  etc.    In 
the  section  on  Buildings,  the  field  of  the  architect  has  been  entered 
practically  only  s6  far  as  electric  railway  building  problems  may  dif- 
fer from  others.    Other  instances  may  be  cited  of  intentional  omis- 
sions or  very  brief  consideration  of  certain  matters,  such  as  the 
elementary  treatment  of  the  laying  out  of  track  curves,  the  design 
of  transmission  lines,  and  signaling  systems.    In  the  comparatively 
rare  cases  where  the  matters  in  hand  require  more  extended  formulas 
and  data  than  are  here  included,  the  probleins  are  so  special  and  the 
engineer  who  is  competent  to  handle  them  is  so  well  supplied  with 
information  that  it  seems  unwise  to  burden  this  volume  with  the 
material.    In  short,  no  attempt  has  been  made  to  cover  the  entire 
field  of  electric  railway  engineering,  ramifying,  as  it  does,  into  the 
special   provinces   of   the   dvil,   mechanical,   electrical,   chemical 
engineer  and  architect.     Rather,  it  has  been  the  aim  to  present  data 
on  the  subjects  which  come  up  in  everyday  electric  railway  practice 
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for  constant  use  by  the  operating,  constructing  or  designing  engi- 
^neer;  a  book  which  may  be  used  by  the  non-technical  manager  or 
operator  as  well  as  by  the  engineer;  and  a  convenient  reference  book 
on  electric  railway  practice  for  those  who  may  be  specializing  in 
other  or  allied  lines. 

Much  material  has  been  gleaned  from  standard  books  and  publi* 
cations.  Due  credit  has  been  given  in  the  text,  but  special  mention 
should  be  made  of  such  sources  as  the  Manual  and  the  Proceedings 
of  the  American  Electric  Railway  Engineering  Association,  the 
Transactions  of  the  American  Institute  of  Electrical  Engineers,  and 
of  other  engineering  societies,  the  Handbook  on  Overhead  Line  Con- 
strtiction  of  the  National  Electric  Light  Association,  the  files  of  the 
Electric  Railway  Journal^  Electric  Journal,  and  Aera. 

A  special  acknowledgment  is  also  due  to  the  following  who  have 
so  kindly  assisted  in  furnishing  needed  information:  A.  H.  Arm- 
strong, M.  V.  Ayres,  J.  H.  Barnard,  E.  J.  Blair,  M.  H.  Bronsdon, 
C.  L.  Cadle,  Charles  M.  Clark,  C.  L.  Crabbs,  R.  E.  Danforth,  H.  P. 
Davis,  S.  R.  Dunbar,  A.  W.  French,  S.  L.  Foster,  W.  G.  Gove, 
Charles  Rufus  Harte,  W.  J.  Harvie,  H.  C.  Ives,  A.  St.  George  Joyce, 
G.  H.  Kelsay,  Norman  Litchfield,  Bruce  Loomis,  W.  H,  McAloney, 
Thomas  B.  McMath,  W.  S.  Murray,  George  W.  Palmer,  Jr.,  F.  R. 
Phillips,  Clarence  Renshaw,  F.  L.  Rhodes,  Ralph  H.  Rice,  Martin 
Schreiber,  Harold  B.  Smith,  W.  C.  Sparks,  Thomas  Sproule,  C.  W. 
Squier,  R.  B.  Stearns,  H.  M.  Steward,  Robert  I.  Todd.  Mr.  Walter 
Jackson  has  read  both  the  original  manuscript  and  the  final  proof 
sheets,  and  has  offered  many  valuable  suggestions. 

The  book  is  now  presented  to  its  user  with  the  request  that  he 
make  any  criticisms  or  suggestions  for  additions  which  may  be  help- 
ful in  making  future  editions  more  valuable  in  the  field.  While 
great  care  has  been  exercised  in  proof  reading,  it  is  inconceivable 
that  no  errors  exist,  and  notification  of  any  that  may  be  found  will 
be  greatly  appreciated. 

Albert  S.  Richey. 

Worcester,  Massachusetts 
February  f  1915. 
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SECTION  I 

ROADBED  AND  TRACK 

Location  Surveys.  The  general  rough  estimate  of  cost  of  rail- 
road location  surveys  in  the  United  States  has  long  been  $ioo  per 
mile.  W.  Beahan  in  "Field  Practice  of  Railroad  Location"  gives 
this  figure  as  including  reconnaissance  and  preliminaries,  with  modi- 
fications to  $50  per  mile  in  easy  prairie  country,  and  $150  in  timber 
country  for  final  located  line.  W.  C.  Gotshall  in  "  Electric  Railway 
Economics"  states  that  "the  cost  of  this  preliminary  field  work, 
by  which  is  meant  the  salaries  and  wages  and  board  and  lodging 
of  the  men  and  incidental  expenses,  will  vary  between  $65  per  mile 
of  Une  as  a  minimum,  where  conditions  are  favorable,  to  $120  per 
mile  of  line,  as  a  maximum."  Beahan  gives  costs  for  five  lines  of 
the  Missouri  Pacific  Railway  var3dng  from  $30.17  to  $57.43  per 
mile,  salaries  being  60  per  cent,  and  subsistence  lyyi  per  cent,  of 
the  total.  W.  S.  McFetridge,  referring  to  some  1400  miles  of  pre- 
liminary lines  in  West  Virginia,  Ohio,  and  southwestern  Pennsyl- 
vania, gives  the  total  cost  per  mile  of  completed  survey,  including 
all  expenses  necessary  up  to  making  contracts  for  the  Une,  as: 


Preliminary 

Location 

Total 

Miles 

l^.Jv>xv«Xv #25 

S74 

I99 

428 

Z.M.  ftP.R.R 23 

79 

103 

S09 

B.  dc  B.R.R 35 

IDS 

140 

242 
163 

B.  &  N.R.R 31 

94 

laS 

In  Ohio,  0.5  per  cent,  gradients  and  4  deg.  curves  were  possible; 
on  other  lines,  0.3  per  cent,  on  one  division  and  i.o  per  cent,  east 
bound  and  0.5  per  cent,  west  bound  gradients  on  the  other  divisions 
were  possible,  with  8  deg.  curves. 

EngiQeering  Costs  on  JBlectric  Railways.  The  following  informa- 
tion as  to  costs  of  engineering  is  from  data  on  a  large  number  of 
electric  railwa}^  of  various  classes  as  noted. 

One  hundred  miles  high-speed  interurban  single-track  construc- 
tion on  private  right  of  way.  Engineering  $1145  P^^  nalet  prac- 
tically 2H  per  cent. 

Five  miles,  chiefly  light  highway  construction  along  country 
roads.    Engineering  $1450  per  mile,  practically  5  per  cent. 

Two  and  one-half  miles,  largely  Mghway  construction,  but  with 
some  heavy  work  in  crossing  swamps.  Engineering  $1825  per  mile, 
practically  4H  per  cent. 

Six  miles,  largely  heavy  cross  country  construction  including 
one  very  heavy  rock  cut,  several  salt  marsh  fills  and  two  large  creek 
crossings,  so  that  until  work  was  well  under  way  parties  were  obliged 
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to  make  detours  of  considerable  length  in  getting  to  different  sec- 
tions of  the  work.  Engineering  $1650  per  mile,  practically  '$%  jjer 
cent. 

Six  miles,  heavy  construction  line  but  largely  adjacent  to  high- 
way, including  important  viaduct  over  railroad  and  river,  40-ft. 
concrete  arch  bridge  and  extensive  highway  work,  part  of  which 
was  within  city  limits,  necessitating  an  extra  amount  of  en- 
gineering supervision.  This  line  was  some  distance  from  the 
trolley  and  had  poor  railroad  service,  resulting  in  large  team  bills. 
Engineering  $1875  per  mile,  practically  3^  per  cent. 

Ten  miles,  cross  country  line,  moderately  heavy  construction, 
largely  some  little  distance  from  highways,  necessitating  detours 
of  considerable  length  in  going  from  one  i>art  of  the  work  to  another, 
and  resulting  also  in  subsistence  bills  of  considerable  amount. 
Engineering  $2075  per  mile,  practically  5  per  cent. 

Six  miles,  highway  construction  throughout,  but  involving 
moderately  heavy  work,  as  highway  waS  very  extensively  improved 
in  connection  with  work.  Engineering  $1825  per  mile,  practically 
4H  i)er  cent.  This  cofst  included  engineering  work  on  the  highway 
and  the  percentage  is  based  on  the  total  cost  of  trolley  and  highway 
work. 

Three  and  one-half  miles,  light  cross  country  work  with  one  im- 
portant viaduct  over  railroad  where  bad  foundations  necessitated 
an  unusual  amount  of  sui>ervision.  Engineering  $1750  per  mile, 
practically  4^  per  cent. 

One  and  one-half  miles,  heavy  construction,  being  largely  filling 
and  cutting  on  the  water  side  of  a  river  road.  Engineering  $1875 
per  mile,  practically  $H  per  cent. 

Thirteen  miles,  moderately  heavy  construction,  partly  along 
highways,  partly  across  fairly  open  country,  requiring  much  team 
service.    Engineering  $1075  P^r  mile,  practically  4H  per  cent. 

Fifteen  miles,  very  heavy  cross  country  construction,  including 
six  bridges  of  considerable  span  and  shifting  and  reconstruction  to 
State  requirements  of  a  considerable  portion  of  highway,  necessi- 
tating two  resident  parties  whose  board  was  paid,  and  very  exten- 
sive use  of  teams.  Engineering  $1550  per  mile,  practically  3H  per 
cent. 

Three  and  one-half  miles,  one-third  in  city  street,  two-thirds 
heavy  cross  country  construction,  excellent  trolley-  facilities  to 
either  end  of  the  line,  but  unexpected  difficulties  in  the  very  heavy 
rock  cut  made  the  work  proceed  very  slowly.  Engineering  $3325 
per  mile,  practically  4%  per  cent. 

Engineering  Costs  on  Transmission  Lines.  Ten  miles,  on  steam 
road  right  of  way.  Engineering  $90  per  mile,  4  per  cent.  Line 
work  only. 

Ten  miles,  chiefly  on  railroad  right  of  way.  Change  of  plans 
after  work  was  started  very  largely  increased  the  engineering  cost. 
Engineering  $380  per  mile,  practically  7H  per  cent. 

Six  miles,  along  railroad  right  of  way.  Engineering  $170  per 
mile,  practically  4^  per  cent. 

Two  and  one-half  miles,  largely  along  railroad  right  of  way, 
included  two  substations.    Engineering  $660  per  mile,  practically 
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7H  per  cent.  (The  last  two  lines  should  be  properly  considered 
as  one,  in  which  case  the  cost  per  mile  is  $315,  practically  6  per 
cent.) 

Eight  miles,  on  railroad  right  of  way,  with  one  1500 -ft.  span 
across  river.     Engineering  $175  per  mile,  practically  6%  per  cent. 

Five  and  three-quarter  miles,  chiefly  on  railroad  right  of  way. 
Engineering  $300  per  mile,  practically  7  per  cent. 

Fifteen  and  one-half  miles,  one-half  on  railroad  right  of  way  and 
one-half  cross  country  in  sections  with  very  poor  railroad  facilities 
necessitating  a  large  amount  of  travel  of  the  parties.  Cost  very 
materially  increased  by  incompetence  of  contractor  which  practi- 
cally resulted  in  taking  charge  of  the  work  and  doing  it  for  him. 
Engineering  $260  per  mile,  practically  16  per  cent. 

Engineering  Costs  in  Car  House  Construction.  Capacity  103 
45-ft.  cars.  Reinforced  concrete  house  with  bad  foundations. 
Engineering  $131  per  car,  practically  5  per  cent. 

Capacity  400  4S-ft.  cars,  two-story  brick  house.  Engineering 
$28  per  car,  practically  2  per  cent. 

Capacity  45  4S-ft.  cars.  Engineering  $105  per  car,  practically 
3H  per  cent. 

Capacity  70  45-ft.  cars,  brick  house,  includes  also  engineering  on 
changes  and  improvements  of  considerable  extent  made  in  old  house. 
Engineering  $96  per  car,  practically  4^4  per  cent. 

Capacity  32  45-ft.  cars.  Metal  sides  on  structural  steel  frame 
with  concrete  wsdls  4  ft.  above  ground  level,  on  bad  foundations 
necessitating  extensive  piling  and  fill.  Engineering  $106  per 
car,  practically  SM  per  cent. 

Engineering  Costs  on  Miscellaneous  Construction.  Reservoir, 
Raising  old  dam  about  5  ft.,  constructing  gate  house  with  special 
intake  apparatus,  stripping  approximately  5  acres,  an  average  of 
I  ft.  of  muck,  with  some  road  work,  7  per  cent. 

Turbine  Station  Extension,  Construction  of  brick  steam  turbine 
station  practically  150  X  100  ft.  with  capacity  of  6000  kw. 
(turbines  and  bo&ers)  3000  kw.  of  which  was  installed,  including 
also  dam  170  ft.  long  and  about  5  ft.  high  with  concrste  tunnel 
intake  and  discharge  system  (station  was  directly  on  bank  of  river); 
included  all  engineering  on  the  installation  of  the  steam  and  elec- 
trical apparatus,  gH  per  cent.  Made  very  expensive  because  of 
great  need,  resulting  in  24-hour  days  much  of  the  time. 

Turbine  Station  Extension  {2nd),  Brick  extension  measuring 
practically  136  X  55  ft.  built  on  above  station,  and  installation 
of  one  4000  kw.  turbo  alternator,  but  no  added  boiler  capacity, 
4H  per  cent. 

Canal.  Construction  of  earth  dam  with  concrete  core  wall  600 
ft.  in  length,  maximum  height  70  ft.,  also  widening  of  about  1000  ft. 
of  canal  by  taking  out  prism  averaging  30  X  30  ft.,  3  per  cent. 

Gas  Main  Extension,  Laying  about  5200  ft.  half  each  of  lo-in. 
and  8-in.  cast-iron  main  in  dty  streets,  3^  per  cent. 

Power  Station  Extension,  Extending  old  building  96  X  60  ft. 
and  building  foundation  for  1500  kw.  direct  connected  reciprocating 
unit  and  1500  kw.  turbo  generator.  Complicated  by  serious 
quicksand  troubles  in  the  foundations,  5  per  cent. 
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Power  Station  Extension  (2nd).  Adding  approximately  60  ft.  to 
above  power  station,  driving  pile  floor  so  that  in  future  the  appa- 
ratus foundations  can  be  put  in  without  the  necessity  of  pile  driving 
in  the  building,  practically  3  per  cent. 

Repair  Shop,  Tearing  down  old  brick  one-story  shell  and 
building  two^story  brick  repair  shop,  approximately  100  X  56  ft., 
practically  4  per  cent. 

Paint  Shop,  Rebuilding  and  extending  old  frame  paint  shop 
X05  X  45  ft.  Old  part  was  maintained  in  use  during  the  work, 
necessitating  unusual  amount  of  supervision.  New  portion  had  to 
have  pile  foundations  which  had  to  be  very  carefully  watched  to  see 
that  old  buildings  in  the  vicinity  were  not  injured,  practically  JH 
per  cent. 

Siibstation,  Brick  substation  approximately  100  X  30  ft.,  in- 
cluding the  installation  of  three  450  kw.  frequency  changers. 
Complicated  at  first  by  title  troubles  which  necessitated  complete 
revision  of  plans  after  their  first  completion  and  later  by  discovery  of 
subterranean  stream  requiring  much  attention  in  its  care,  prac- 
tically SH  per  cent. 

Landslide.  Driving  500  ft.  of  4  X  6  in.  drifts  into  a  treacherous 
mixture  of  ochreous  clay  and  gravel.  This  work  was  prosecuted 
by  the  superintendent  of  the  plant,  who  was  thoroughly  familiar 
with  soft  ground  working  and  who  had  a  very  efi&dent  force  which 
required  very  little  attention,  practically  i^  per  cent. 

Water  Power  Plant  Improvements.  Construction  of  four  8X12 
ft.  motor-operated  head  gates  with  concrete  settings.  Two  pen- 
stock gates,  one  16  X  30  ft.  and  the  other  1 1  X  14  ft.  with  operating 
motors,  installation  of  approximately  500  ft.  of  96-in.  steel  penstock 
and  96-ln.  stand  pipe  60  ft.  high  on  concrete  foundations  which  had 
to  be  built  in  16  ft.  of  water  flowing  at  such  speed  that  a  diver  could 
barely  stand  against  it,  practically  5H  per  cent. 

Right  of  Way.  Crandall  and  Barnes  in  "  Railroad  Construction  " 
(19 13)  state  that  prices  at  which  land  can  be  purchased  for  railroad 
purposes  will  be  from  one  to  two  times  the  market  value  in  cities, 
and  from  one  to  four  times  in  the  country,  it  being  generally  recog- 
nized that  higher  prices  are  justifiable,  partly  on  account  of  the 
greater  value  of  the  land  for  the  special  purpose  and  partly  on  ac- 
count of  the  lower  value  of  contiguous  lands  in  consequence  of  their 
proximity  to  the  road.  The  latter  reason  is  not  so  likely  to  apply 
in  the  case  of  an  electric  railway. 

Clearing  and  Grubbing  are  sometimes  lumped  together  with 
grading  in  a  contract.  Specifications  for  clearing  should  require 
the  removal  from  right  of  way  of  all  trees,  brush  and  other  obstruc- 
tion to  grading,  except  as  reserved;  brush  and  other  refuse  should 
be  burned  or  otherwise  disposed  of,  but  timber  should  be  saved  in 
the  form  of  saw  logs,  cut  into  cord  wood,  or  made  into  ties,  as  sp>eci- 
fied;  tops  of  stumps  under  embankments  should  be  at  least  2H  ft. 
below  grade;  the  removal  of  stumps  and  roots  (grubbing)  is  usually 
required  over  all  places  where  excavation  occurs  and  between  the 
slope  stakes  of  embankments  less  than  2H  ft.  in  height.  Payments 
for  clearing  and  grubbing  are  made  usually  by  the  acre  or  square  of 
100  ft.  on  a  side,  or  fraction  thereof,  actually  cleared  or  grubbed, 
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but  the  removal  of  isolated  trees  or  buildings  is  often  separately 
contracted  for. 

Classification  of  Grading.  Too  minute  classification  gives 
opportimity  for  dispute  and  litigation  as  the  percentages  of  the 
different  classes  are  usually  estimated,  not  being  susceptible  to 
exact  measurement.  The  American  Railway  Engineering  Asso- 
ciation (Manual,  191 1)  gives  three  classes  (solid  rock,  loose  rock  and 
common  excavation)  for  ordinary  use,  but  recognizes  the  necessity 
of  special  classes,  clearly  defined,  in  some  localities.  The  Manual 
defines  the  three  classes  mentioned,  as  follows:  "Solid  rock  shall 
comprise  rock  in  solid  beds  or  masses  in  its  original  position  which 
may  be  best  removed  by  blasting,  and  boulders  or  detached  rock 
measuring  i  cu.  yd.  or  over.  Loose  rock  shall  comprise  all  de- 
tached masses  of  rock  or  stone  of  more  than  i  cu.  ft.  and  less  than 
I  cu.  yd.,  and  all  other  rock  which  can  be  properly  removed  by 
pick  and  bar  and  without  blasting,  although  steam  shovel  and  blast- 
ing may  be  resorted  to  on  favorable  occasions  in  order  to  facilitate 
the  work.  Common  excavation  shall  comprise  all  other  materials 
of  whatsoever  nature  that  do  not  come  under  the  classification  of 
solid  rock,  loose  rock  or  such  other  classification  as  may  be  estab- 
lished before  the  award  of  the  contract."  Common  excavation 
may  be  subdivided  into  loam,  strong,  heavy  soils  and  stiff  clay  or 
cemented  gravel  in  estimating  the  cost  of  excavation  with  men  and 
teams,  but  a  steam  shovel  will  handle  all  of  these  and  even  loose 
rock  at  about  the  same  cost.  Hardpan,  or  earth  which  cannot  be 
plowed  with  a  four-hofse  team,  is  now  generally  omitted  from  classi- 
fication on  account  of  the  difficidty  of  separating  it  from  common 
excavation. 

Shrinkage  must  be  allowed  for  both  in  figuring  on  the  distribution 
of  the  earth  and  in  making  the  embankments,  and  the  American 
Railway  Engineering  Association  (Manual,  191 1)  recommends  the 
following:  "For  green  embankments,  shrinkage  allowance  should 
be  made  for  both  height  and  width,  as  foUows: 

For  black  dirt,  trestle  filling IS  per  cent. 

For  black  dirt,  raising  under  traffic 5  per  cent. 

For  clay,  trestle  filling 10  per  cent. 

For  clay,  raising  under  traffic 5  per  cent. 

For  sand,  trestle  filling 6  per  cent. 

For  sand,  raising  under  traffic 5  P«r  cent. 

Solid  rock  will  swell  about  70  per  cent,  from  cut  to  fill. 

On  account  of  the  uncertainty  in  shrinkage  percentages,  it  is 
customary  to  measure  earthwork  in  excavation,  but  the  method 
of  measurement  should  be  clearly  specified. 

Pay  Quantities.  Where  the  material  taken  from  the  cuts  is  used 
in  making  the  fills,  the  price  paid  for  excavation  includes  hauling 
and  placing  in  the  embankment,  and  this  should  be  done  as  far  as 
is  practicable.  The  cost  increases,  however,  until  the  economic 
lead  is  reached,  where  the  cost  is  such  that  it  is  cheaper  to  waste 
at  the  cut  and  borrow  at  the  fill.  Beyond  the  economic  lead,  the 
yardage  will  then  become  the  sum  of  the  remaining  cuts  and  fills 
(plus  shrinkage). 

Overhaul.  When  a  limit  is  set  for  "free  haul"  or  the  maximum 
haul  at  the  contract  yardage  rate,  a  definite  additional  price  per 
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cubic  yard  per  station  for  overhaul  is  allowed.  The  definition  for 
overhaul  adopted  by  the  American  Railway  Engineering  Associa- 
tion requires  the  limit  of  free  haul  to  be  fixed  so  as  to  include  the 
grade  point  and  balance  the  cut  on  the  one  side  with  the  fill,  plus 
proper  shrinkage  allowance,  on  the  other.  All  material  within 
this  free  haul  Umit  is  omitted  from  further  consideration.  The 
distance  from  the  center  of  gravity  of  the  remaining  excavation  to 
the  center  of  gravity  of  the  resulting  embankment,  less  the  free 
haul,  is  the  overhaul.  When  the  haul  is  over  runways  laid  out  by 
the  engineer  from  borrow  pits  or  to  waste,  the  overhaul  is  one-half 
the  round  trip  distance,  less  the  free  haul.  To  calculate  the  over- 
haul, find  the  free  haul  limit  by  adding  the  yardage  each  way  from 
the  grade  point,  allowing  shrinkage  for  the  fills  and  keeping  the 
quantities  balanced  until  the  free  haul  limit  is  reached.  This  will 
require  using  plusses  with  the  corresponding  yardages  for  the  final 
result.  Beyond  this  free  haul  point  in  the  cut,  multiply  the  yard- 
age of  each  volume  by  the  distance  of  its  center  of  gravity  from  the 
near  end  of  the  free  haul  limit,  add  the  products  and  divide  by  the 
corresponding  yardage  for  the  overhaul  at  the  cut  end.  Find  how 
far  this  material  will  extend  in  the  fill  and  determine  the  distance 
of  its  center  of  gravity  from  the  near  end  of  the  free  haul  limit  as 
above.  The  sum  at  the  two  ends  will  give  the  total  overhaul.  For 
heavy  work,  this  method  is  preferable  to  a  graphic  one  as  being 
more  accurate,  unless  an  inconveniently  large  scale  is  used. 

Mass  Diagram.  A  simple  method  of  determining  the  most 
economical  distribution  of  the  material  is  by  means  of  the  mass  dia- 
gram (or  Bruckner's  curve).  As  described  by  Crandall  and  Barnes 
in  '^  Railroad  Construction,"  the  mass  diagram  is  constructed 
by  starting  at  the  left  or  zero  end  of  the  profile  or  other  conven- 
ient point,  say  one  past  which  no  material  will  be  transported,  and 
adding  the  yardage  algebraically,  station  by  station,  allowing  for 
shrinkage  on  fills.  The  totals  are  plotted  at  the  corresponding 
stations,  or  plusses  for  grade  points,  and  a  smooth  curve  drawn 
through  the  points  thus  found  as  in  Fig.  i.  Straight  lines  joining 
the  points  would  mean  that  the  yardage  increments  were  assumed 
proportional  to  the  distance. 

This  method  of  construction  gives  to  the  curve  the  following 
properties: 

(a)  An  upward  inclination  of  the  curve  from  left  to  right  indicates 
excavation,  a  downward  inclination,  embankment,  and  maximum 
and  minimum  points,  grade  points.  Thus  (Fig.  i),  A'B'  indicates 
excavation,  B'G\  embankment  and  5'  and  G',  grade  points. 

(6)  Cuts  and  fills  balance  between  the  points  of  intersection  of 
any  horizontal  line  with  the  curve,  leads  being  to  the  right  where 
the  curve  is  above  the  line  and  to  the  left  where  it  is  below.  Thus, 
the  cut  from  D  to  B  will  make  the  fill  from  B  to  £,  and  that  from 
F  to  G,  the  fill  from  G  to  E. 

{c)  Since  the  cut  BD  makes  the  fill  to  E,  the  last  of  the  cut  at  D 
is  moved  to  E,  a  distance  />'£',  while  the  last  of  the  cut  from  F  is 
moved  a  distance  F'E\  Equal  distances  will  give  the  minimum 
average  lead  for  the  fill,  as  this  allows  taking  the  material  for 
each  part  of  the  fill  from  the  nearest  point.    Hence  in  making  a 
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fill  from  adjacent  cuts,  or  in  utilizing  the  material  from  a  cut  in 
adjacent  fills,  the  minimum  average  lead  is  found  by  raising  or 
lowering  the  horizontal  closing  line  until  the  adjacent  intercepts 
are  equal. 
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(d)  The  area  between  the  curve  and  an  intersecting  horizontal 
line  will  be  the  product,  lead  times  yardage,  for  the  material  be- 
tween the  two  points  of  intersection.  For  since  by  (c)  the  material 
in  the  cut,  e.g.,  from  B  to  />,  will  just  make  the  fill  from  B  to  E, 
the  material  represented  by  the  increment  dz  to  the  ordinate  at  D 
must  be  moved  from  P  to  £,  a  distance  /XE',  giving  for  lead  times 
yardage  the  area  dz  X  !>'£'.  Similarly  for  the  other  increments 
giving  the  total  area,  lead  times  yardage  as  stated  above.  If  area 
be  divided  by  yardage,  the  quotient  will  be  the  average  lead  for 
the  portion  taken.  The  yardage  for  any  cut  or  fill  (not  containing 
partial  sections)  will  be  the  difference  of  the  ordinates  at  the  ends. 
Hence  to  find  the  average  lead  where  the  material  froin  a  cut  is 
utilized  in  making  an  adjacent  fill,  or  vice  versa^  find  the  area  be- 
tween the  closing  line  and  the  curve  by  planimeter  or  by  Simpson's 
rule  and  divide  by  the  grade  point  ordinate  or  total  yardage.  In 
the  case  of  side-hill  work,  i.e.,  both  cut  and  fill  between  adjacent 
sections  and  no  grade  point,  only  the  difference  of  quantities  is 
used.  The  balanced  quantities  in  each  length  are  thus  ignored. 
The  lead  for  this  material  will  depend  upon  the  longitudinal  and 
transverse  slopes;  it  will  generally  be  small  and  can  be  neglected 
without  serious  error.  To  find  the  average  lead  for  all  the  material, 
including  the  side-hill  work,  add  to  the  area  found  from  the  mass 
diagram  the  product  of  the  balanced  yardage  or  side-hill  work  by 
its  lead  and  divide  by  the  total  yardage. 

The  total  yardage  for  the  cut  AB  (Fig.  i)  is  3552,  while  the  maxi- 
mum or  grade  point  ordinate  at  B  is  only  3506  less  by  46  cu.  yd. 
If  D  be  taken  at  sta.  1+08,  D'JS'  will  be  1020  above  the  zero  fine 
and  the  area  D'E'B'  will  be  1,868,700  cu.  yd.  ft.  Adding  46  X  10 
for  the  side-hill  product,  10  being  assumed  for  the  lead, 

Total  area  =  1,869,160 

Total  yardage    =  3,552  —  1020  =  2532 

Dividing,  1,869,160/2532  =  738  ft. 
If  the  side-hill  work  be  omitted, 

1,868,700/2486  =  752  ft.,  average  lead. 
If  the  side-hill  lead  be  omitted, 

1,868,700/2532  =  738  ft. 

The  maximum  lead,  />'£',  =  stas.  [12  -f-  50  —  (i  -|-  08)]  =  1142  ft. 

If  the  material  from  C  to  F  is  to  be  wasted  uniformly  along  the 
fill,  GB,  draw  the  horizontal  CG'*  and  join  G"B".  The  area 
Ca'Wr  divided  by  the  ordmate  G"G"'  will  give  the  average 
lead.  If  this  material  is  to  be  wasted  at  the  grade  point,  G,  divide 
the  area  C'G"G'"F'  by  the  yardage  G"&"  for  the  average 
lead.  If  wasted  on  the  side  at  a  constant  lead,  aC\  draw  the  hori- 
zontals, aC'  and  hF'  and  the  curve  ah  for  the  yardage  lead  area. 

To  find  the  overhaul  from  the  mass  diagram,  draw  the  horizontals 
giving  the  greatest  lead  or  haul  and  the  free  haul;  the  distance 
between  them  will  give  the  yardage  for  overhaul;  draw  verticals 
through  the  ends  of  the  free  haul  Une  to  meet  the  maximum  haul 
line.  The  sum  of  the  areas  between  these  verticals  and  the  mass 
diagram  curve  will  give  the  overhaul  product,  lead  times  yardage. 
If  the  overhaul  is  required,  divide  the  overhaul  product  by  the 
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overhaul  yardage.  Thus  in  Fig.  i,  for  the  cut  GJ  which  would 
make  the  fill  to  K,  J*K'  gives  the  greatest  haul,  H  V  the  free  haul, 
H'H"  or  /'/"  the  overhaul  yardage  and  the  sum  of  the  areas, 
H'B"r  and  77"^',  the  overhaul  product. 

Handling  Earthwork.  The  following  figures  on  cost  of  handling 
earthwork,  except  where  otherwise  credited,  are  taken  from  Cran- 
dall  and  Barnes'  ''Railroad  Construction"  (1913). 

Loosening.  All  materials  excepting  possibly  sand  require  loosen- 
ing for  shovels  or  scrapers  and  it  will  often  be  economical  to  loosen 
even  sand,  especially  for  shoveHng.  Loosening  is  commonly  done 
with  picks  or  plows,  but  explosives  may  be  used  to  advantage  under 
some  conditions.  A  man  with  a  pick  will  loosen  about  15  cu.  yd. 
of  stiff  clay,  or  cemented  gravel,  20  of  strong,  heavy  soil,  or  30  of 
common  loam,  per  lo-hour  day.  With  wages  at  15  cents  per  hour, 
these  quantities  give  the  following  costs  for  labor,  except  foremen, 
for  loosening  with  picks: 

StifiE  clay  or  cemented  gravel lO.o  cents  per  cu.  yd. 

Strong,  heavy  soils 7.5  cents  per  cu.  yd. 

Loam 5.0  cents  per  cu.  yd. 

A  two-horse  team  with  plow  and  driver  and  an  extra  man  to  hold 
will  loosen  about  250  cu.  yd.  of  strong,  heavy  soil  per  lo-hour  day 
or  about  400  of  ordinary  soil.  With  very  hard  material  requiring 
a  pick-pointed  plow  with  two  teams  and  an  extra  man  to  ride  the 
b^un,  about  180  cu.  yd.  can  be  loosened.  With  wages  at  $3.50 
per  day  for  team  and  driver  and  $1.50  for  man,  these  data  would 
give  the  following  costs  for  labor,  except  foreman,  for  loosening 
with  plows: 

Stiff  clay  or  hardpan ' . . . .   5.6    cents  per  cu.  yd. 

Strong,  heavy  soils 2.0    cents  per  cu.  yd. 

Loam , ^ 1.25  cents  per  cu.  yd. 

Shoveling.  Earth  may  be  cast  short  distances  with  shovels, 
the  cost  being  about  the  same  for  limits  of  5  to  10  ft.  horizontally 
or  4  to  7  ft.  vertically.  For  somewhat  greater  distances  it  may  be 
recast,  the  unit  cost  being  about  80  per  cent,  if  a  platform  or  other 
suitable  bed  is  provided  from  which  to  shovel.  This  is  frequently 
done  in  taking  material  from  a  pit  too  deep  for  one  cast.  Plat- 
forms are  also  often  used  in  mine  tunneling  and  might  well  be  used 
in  cuts  when  the  material  is  broken  down  from  a  face.  Shoveling 
is  also  required  in  loading  wheelbarrows,  carts,  wagons  or  cars 
for  transporting  longer  distances.  The  material  should  be  thor- 
oughly loosened  and  often  a  second  plowing  will  be  more  than  repaid 
in  the  reduced  cost  of  shoveling.  The  quantity  loaded  per  man 
will  depend  upon  the  material,  the  extent  to  which  it  is  loosened, 
the  height  to  which  it  must  be  raised  and  upon  so  proportioning 
the  gang  that  the  shovelers  will  not  have  to  wait  for  either  material 
or  vehicles.  For  loading  into  an  ordinary  wagon  or  cart,  24  cu. 
yd.  per  lo-hour  day  is  about  the  upper  limit  for  light  material 
or  material  well  loosened,  18  for  material  at  the  face  of  a  cut 
which  has  been  broken  down  onto  a  good  surface  for  shoveling, 
and  IS  for  rather  heavy  plowed  earth.    At  1 1.50  per  day  these 
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would  give   the   following   costs  for    labor,   except   foremen,   of 
shoveling : 

Light  or  well  loosened  material 6.25  cents  per  cu.  yd. 

Face  broken  onto  good  surface 8.25  cents  per  cu.  yd. 

Heavy  plowed  earth 10.00  cents  per  cu.  yd. 

In  Engineering-Contracting,  1909,  it  is  stated  that  experiments 
on  a  number  of  pieces  of  work  involving  the  handling  of  thousands 
of  yards  of  excavation  have  shown  the  long-handled  shovel  much 
superior  to  the  short  for  handling  earth.  Men  can  do  more  work 
with  less  effort  and  can  stand  more  nearly  erect.  It  is  stated  that 
the  long  handle  is  used  in  Europe  and  the  West,  and  the  short 
handle  in  the  East.  The  round-pointed  shovel  enters  the  earth 
easier  than  the  square  and  is  generally  used  except  in  shoveling 
from  a  platform  when  a  square-pointed  scoop  should  be  used  unless 
the  material  has  to  be  cast  a  considerable  distance. 

Spreading  and  Dressing.  A  bankman  will  spread  in  6-in.  layers 
about  75  cu.  yd.  of  average  earth  which  has  been  dumped  from 
carts  or  wagons,  the  cost  therefore  being  about  2  cents  a  cubic  yard 
with  wages  at  $1.50  per  day.  For  a  railroad  bank,  it  is  usually  only 
necessary  to  keep  the  surface  smooth  enough  to  drive  over  until 
grade  is  reached,  in  which  case  half  a  cent  per  cubic  yard  should  be 
sufficient  if  the  work  is  so  planned  that  the  bankman  will  be  kept 
busy,  i.e. J  at  least  300  cu.  yd.  must  be  delivered  at  the  bank  each 
day.  If  the  earth  is  hauled  in  carts  and  dumped  over  the  edge  of 
the' bank,  about  one-quarter  of  a  cent  per  cubic  yard  should  still 
be  allowed  for  keeping  the  dumping  place  in  order.  Earth  in  large 
quantities  can  be  spread  by  a  team  and  road  machine  or  Shuart 
grader  for  from  one-half  to  three-quarters  of  a  cent  per  cubic  yard. 
In  dressing  railroad  earth  slopes  from  125  to  150  sq.  yd.  per  man 
per  day  is  a  fair  average  on  construction  work.  This  would  make 
the  cost  about  i  cent  per  square  yard.  The  cost  per  cubic  yard 
would,  of  course,  depend  on  the  lightness  of  the  work,  the  amount 
of  material  handled  not  being  a  proper  criterion  on  account  of  the 
time  spent  in  smoothing  and  skimming. 

Superintendence,  Timekeeping  and  Water  Carrying.  These 
items  vary  with  local  conditions,  but  half  a  cent  per  cubic  yard 
will  usually  cover  all  three. 

Wheelbarrows.  The  wheelbarrow  is  used  for  excavating  small 
quantities  of  material  and  in  cases  where  it  is  impracticable  to  use 
carts  or  scrapers  on  account  of  the  cramped  situation  or  deep  mud 
in  which  horses  could  not  work.  It  is  also  valuable  for  moving 
stony  soil  over  short  distances.  Run  planks  or  "gangways" 
should  be  provided  and  usually  each  man  should  load  his  own 
barrow.  The  load  is  about  H*  cu.  yd.  for  wheeling  up  slopes,  as  is 
generally  necessary,  but  it  may  reach  Mo  for  level  ground.  A 
study  of  the  available  data  would  indicate  that  the  time  for  load- 
ing a  cubic  yard  may  be  taken  at  0.6  hour  for  the  heavy  soils  and 
0.5  for  loam,  while  the  time  for  wheeling,  including  dumping,  ad- 
justing the  plank  and  other  unavoidable  delays,  may  be  taken  at 
H  hour  per  cubic  yard  per  100  ft.  for  wheeling  up  slopes  and  H 
hour  for  level  ground.    Adding  the  cost  of  picking  gives  the  follow- 
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ing  costs  for  labor  except  foremen,  for  picking  and  loading,  with 
wages  at  15  cents  per  hour: 

Stiff  clay  or  cemented  gravel 19.0  cents  per  cu.  yd. 

Strong,  heavy  soil 16.5  cents  per  cu.  yd. 

Loam 12.5  cents  per  cu.  yd. 

to  which  should  be  added  sH  to  5  cents  for  each  100  ft.  of  lead, 
depending  upon  the  slope. 

Drag  Scrapers.  The  ordinary  No.  2  drag  scraper  is  a  steel  scoop 
weighing  about  100  lb.,  which  will  hold  from  M  to  H  cu.  yd.,  place 
measurement.  It  is  drawn  by  a  two-horse  team  which  will  travel 
at  the  rate  of  2.5  miles  per  hour,  or  cover  100  ft.  of  haul  per  minute 
including  loading  and  dumping,  the  haul  making  allowance  for 
the  extra  distance  required  for  turning  at  the  pit  and  dump  and 
being  greater  than  the  lead  or  straight  line  distance.  An  extra 
man  is  required  to  hold  in  loading  while  the  driver  usually  dumps 
his  own  scraper.  As  a  man  can  load  for  two  or  more  teams,  de- 
pending upon  the  lead,  it  is  advisable  to  work  the  scrapers  in  gangs. 
The  material  should  be  well  loosened  so  that  the  scoop  will  fill 
readily.  J.  W.  Brown,  Engineering  Record,  gives  the  following 
data  based  on  the  average  cost  of  scraper  work  in  Iowa.  In  mak- 
ing low  embankments  from  side  ditches  with  6-ft.  berms  he  makes 
the  following  assumptions:  Distance,  center  of  ditch  to  center  of 
bank,  33  ft.  Seven  to  ten  trip§^  per  cubic  yard.  Sixty  cubic 
yards  per  lo-hour  day  good  average  work.  Plow  team  generally 
required  to  loosen  the  material,  one  plow  to  six  scrapers.  Two 
horses  per  plow  required  in  light  soil,  four  or  more  necessary  in 
compact  soil,  average  three  at  $6  per  day  with  driver  and  man 
to  hold.  Field  expenses,  except  management,  and  maintenance 
for  loosening,  loading  and  dumping,  360  cu.  yd. : 

Three-horse  team  with  driver  and  plowman,  loosening  S6.00 

Three  men  holding  scrapers,  loading 4.50 

One  man  dumping 1.75 

One  foreman 2.50 

Maintenance,  plows  and  scrapers 0.90 

Total $15.65 

This  gives  4.35  cents  per  cubic  yard.  The  cost  of  hauling  at 
$3.50  per  day  for  team  and  driver  is  5.83  cents,  giving  a  total 
cost  of  10.18  cents  per  cubic  yard  for  the  lead  of  33  ft.  For  double 
the  lead,  or  66  ft.,  the  yardage  would  be  reduced  to  40  per  scrapper 
per  day,  requiring  9  teams  or  $31.50  for  hauling,  while  for  a  lead 
of  100  ft.  the  number  of  teams  must  be  increased  to  12  or  the  cost 
to  $42.  the  other  expenses  remaining  the  same  except  that 
maintenance  would  be  increased  to  $1.08  and  $1.44,  respectively, 
giving  8.75  cents  and  11.66  cents  for  hauling  and  an  increase  of 
0.05  cent  and  0.15  cent  for  maintenance.  For  the  above  prices  and 
material  these  data  give  the  following  rule  for  field  expenses, 
except  management,  and  maintenance  for  the  drag  scraper:  To 
a  fixed  cost  of  7.2  cents  per  cubic  yard  add  9  cents  per  100  ft.  of 
lead  with  20  ft.  as  a  minimum  value  to  allow  for  turning.  For 
stiff  clay  25  to  30  per  cent,  should  be  added  to  the  above. 

Fresno  Scrapers.  The  fresno  scraper  is  an  improved  form  of 
drag  scraper  invented  in  California  and  used  mainly  in  the  West^ 
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The  four-horse  scoop  is  5  ft.  long  laterally  and  only  about  18  in. 
wide  from  cutting  edge  to  rear,  the  former  giving  large  capacity  and 
the  latter  easy  filling.  Two-  and  three-horse  sizes  are  also  made. 
The  horses  are  driven  abreast  by  one  drivet.  The  four-horse 
scraper  weighs  from  275  to  310  lb.  Many  fresno  loads  at  the  dump 
have  been  compacted  into  a  box  with  a  rammer  and  found  to  run 
from  12  to  16  cu.  ft.  in  average  earth  where  the  lead  was  not  so 
great  that  much  material  was  lost  in  transit.  The  editors  of 
Engineering-Contracting  give  the  following  rules  for  estimating 
cost,  based  on  a  study  of  a  large  number  of  data:  When  the  daily 
wage  of  a  driver  is  $2  and  that  of  each  of  the  four  horses  is  $1  a 
total  of  $6  per  fresno  per  lo-hour  day,  the  average  cost,  not  in- 
cluding plowing,  trimming  or  superintendence,  wUl  be  as  below: 
To  a  fixed  cost  of  4  cents  per  cubic  yard  add  2  cents  per  100  ft.  of 
lead.  The  fixed  cost  includes  traveUng  the  extra  distance  and  the 
slower  speed  in  loading,  the  shifting  to  newly  plowed  groimd,  etc. 
The  hauling  cost  is  based  upon  a  traveUng  speed  of  200  ft.  per 
minute  when  not  delayed  by  loading,  dumping,  etc.,  and  upon 
an  average  load  of  H  cu.  yd.,  with  50  ft.  as  the  minimum  lead. 
If  the  soil  is  not  of  a  kind  that  heaps  up  and  drifts  weU  in  front 
of  the  scraper,  the  average  load  will  probably  not  exceed  H  Cu.  yd. 
particularly  on  long  hauls.  This  would  change  the  rule  to:  To 
a  fixed  cost  of  4  cents  per  cubk  yard  add  3  cents  for  each  100  ft. 
of  lead.  The  editors  believe  that  the  horses  can  be  crowded  so  as 
to  do  about  the  same  amount  of  work  in  an  8-hour  day  as  in  a  10- 
hour  day,  or  that  the  cost  per  cubic  yard  would  be  but  slightly 
affected,  but  experience  in  the  East  with  8-hour  days  would  hardly 
warrant  this  belief.  They  state  that  the  cost  of  plowing  ordi- 
narily ranges  from  H  cent  to  1.5  cents  per  cubic  yard,  foreman's 
wages,  from  W  to  i  cent,  and  dressing  roadbed  and  slopes  about 
^  cent  per  square  yard  of  surface  trimmed.  If  the  cost  of  plow- 
ing, dumping,  maintenance  and  superintendence  be  added  on  the 
basis  of  $10.25  for  300  cu.  yd.  with  H  cent  per  cubic  yard  for  main- 
tenance, as  previously  given,  the  fixed  cost  would  be  increased  by 
3.1  cents,  giving:  To  a  fixed  cost  of  7.1  cents  per  cubic  yard  add  2 
cents  per  100  ft.  of  lead,  or  to  a  fixed  cost  of  7.1  cents  per  cubic 
yard  add  3  cents  per  100  ft.  of  lead,  according  as  the  material  heaps 
up  and  drifts  in  front  of  the  scraper.  This  allows  the  driver  $2 
per  day  and  requires  him  to  load  his  own  scraper,  thus  increasing 
the  cost  about  H  cent  per  cubic  yard  per  100  ft.  of  lead,  and  re- 
ducing it  iH  cents  independent  of  lead,  as  compared  with  the  drag 
scraper  figures  previously  given. 

Wheel  Scrapers.  With  the  wheel  scraper,  the  steel  scoop  is 
hung  between  two  wheels  with  broad  tires  and  it  can  be  lowered 
and  filled,  raised  or  dumped,  while  the  team  is  in  motion.  The 
capacity,  place  measurement,  ranges  from  about  6h  cu.  ft.  for  the 
No.  I  to  I2H  for  the  No.  3,  while  the  loads  actually  carried  are 
about  0.2,  0.25,  0.4  cu.  yd.,  respectively,  for  the  three  sizes.  These 
loads  can  be  increased  for  long  leads  by  finishing  with  ■  shovels 
when  the  material  does  not  fill  readily.  The  dead  load  varies  from 
350  to  800  lb.  according  to  size.  A  snatch  team  is  generally  used 
in  loading  all  but  the  No.  i,  even  then  shovelersare  necessary  if 
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the  box  is  to  be  filled  in  tough  day.  In  scraper,  as  in  other  work, 
the  details  must  be  carefully  studied  and  given  attention  if  eco-- 
nomical  results  are  to  be  secured.  Thus  the  plow  should  be  set 
to  cut  lo  to  12  in. 'deep,  or  to  such  a  depth  that  the  scoop  will  be 
heaping  full  after  traveling  but  a  few  feet.  The  rear  portion  of 
the  pan  will  not  fill  well  with  shallow  plowing.  The  furrows 
should  be  close  together,  and  if  the  soil  is  heavy  it  ^ould  be  plowed 
twice.  The  bottom  of  the  cut  should  be  kept  level  so  that  the  scoop 
will  lie  flat  and  not  tilted.  J.  W.  Brown,  Engineering  Record, 
as  the  result  of  experience  in  Iowa,  gives  the  same,  costs,  not  in- 
cluding scraper  teams  and  drivers,  for  handling  360  ru.  yd.  of 
earth  with  the  No.  i  wheeler  as  were  given  for  the  drag  scraper 
on  page  it,  except  that  the  90  cents  for  maintenance  is  increased 
to  $1.40.  He  assumes  four  loads  per  cubic  yard  and  about  100 
ft.  of  lead  per  minute  while  traveling,  or  60,  40  and  30  cu.  yd.  per 
scraper  per  day  for  leads  of  loo,  200  and  300  ft.,  respectively,  re- 
quiring 6,  9  and  12  wheelers  for  transporting  the  360  cu.  yd.  over 
the  respective  distances.  He  also  increases  maintenance  slightly 
for  the  longer  leads.  These  values  would  give  for  the  No.  i  wheeler 
at  $3.50  per  lo-hour  day,  for  average  soil:  To  a  fixed  cost  of  yH 
cents  add  3  cents  for  each  100  ft.  of  lead,  with  75  ft.  as  a  minimum. 
For  leads  over  300  ft.  Mr.  Brown  uses  No.  3  wheelers  with  two  men 
to  hold  a  scraper  (requiring  one  extra  holder)  and  a  two-horse 
snatch  team  to  aid  in  loading.  To  move  the  360  cu.  yd.  per  day 
he  used  eight  wheelers  for  a  lead  of  400  ft.,  10  for  500, 12  for  600, 
14  for  700  and  16  for  800,  the  limit  to  which  he  considers  it  advis- 
able to  go  with  wheel  scrapers.  Adding  $3.50  for  the  snatch  team, 
^1.50  for  the  extra  man  to  hold  and  $0.90  as  lead  increases  for 
extra  wear  to  the  fixed  cost,  will  give  a  total  of  $21.15  per  day,  or 
5.88  cents  per  cubic  yard  for  the  fixed  charge.  Adding  to  this 
$3.50  per  scraper  for  the  different  leads  and  dividing  by  360,  the 
number  of  cubic  yards  moved,  will  give  the  cost  for  hauUng.  The 
cost  per  cubic  yard  is  given  quite  closely  by  the  following:  To  a 
fixed  cost  of  5V^  cents  add  2  cents  for  each  100  ft.  of  lead  within  the 
limits  of  300  and  800  ft.  For  a  No.  2  the  cost  would  be  given 
approximately  by  the  following:  To  a  fixed  cost  of  6h  cents  add 
2H  cents  for  each  of  100  ft.  of  lead  within  the  limits  of  200  to  500 
ft.  Good  roads  are  essential  to  economy,  especially  with  the  No. 
3  wheeler.  These  are  for  average  conditions.  For  light  material 
$4.50  per  day  could  be  saved  for  the  No.  i  wheeler  by  having  the 
drivers  hold  their  own  scrapers,  while  for  heavy  clay,  a  three-  or 
four-horse  snatch  team  with  an  extra  man  to  hook  and  unhook 
would  be  needed  for  the  No.  3,  instead  of  the  2-horse  team.  Four 
horses  might  also  be  needed  for  the  plow  team.  Scrapers  are  used 
to  some  extent  for  loading  cars  and  wagons  through  a  platform, 
over  which  the  teams  are  driven  and  the  material  dumped  through 
an  opening. 

Carts.  The  one-horse  cart,  although  not  used  so  much  as 
formerly,  is  economical  for  short  leads  when  shovel  loading  is  em- 
ployed and  is  convenient  in  turning  and  in  dumping  over  the  end 
of  an  embankment.  Five  is  a  suitable  number  of  shovelers  for 
loading,  two  on  each  side  and  one  in  the  rear.    They  can  loa^ 
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cart  with  H  cu.  yd.  in  2H  minutes,  while  about  i  minute  is  required 
for  turning  and  dumping,  making  a  total  of,  say,  4  minutes  per 
trip,  allowing  for  turning  into  place  for  loading.  A  driver  can 
attend  two  carts,  by  dumping  one  while  the  other  is  being  loaded, 
for  leads  up  to  300  ft.  For  greater  leads  he  can  attend  to  two  by 
taking  them  both  together  to  the  dump.  At  $1  per  day  for  a 
horse  and  $1.50  for  a  driver  this  would  give  for  loo  ft.  of  lead  per 
minute  and  3  trips  per  cubic  yard: 

%  cent  per  100  ft.  of  lead,  driver  to  2  carts. 
iH  cents  per  100  ft.  of  lead,  driver  to  i  cart. 

For  the  fixed  cost. 

Four  minutes  per  trip 3>^  cents 

Shoveling,  average  material 9      cents 

Plowing 2      cents 

Dump T \^  cent 

Foreman  and  maintenance i      cent 

Total  per  cubic  yard.  .• 16      cents 

This  gives  for  field  expenses,  except  management  and  main- 
tenance: 

To  a  fixed  cost  of  16  cents,  add  %  cent  for  each  100  ft.  of  lead. 

With  one  driver  per  cart,  the  4  minutes  will  cost  5  cents  giving: 

To  a  fixed  cost  of  17H  cents,  add  iH  cents  for  each  100  ft.  of 
lead. 

This  is  on  the  supposition  that  the  number  of  carts  is  so  propor- 
tioned to  that  of  the  shovelers  that  both  can  be  kept  busy,  other- 
wise the  cost  may  be  much  greater. 

Wagons.  These  may  have  an  advantage  over  carts  for  long  leads 
on  account  of  the  larger  load,  but  they  are  at  a  disadvantage 
in  turning.  The  slat-bottom  box  used  for  grading  with  an  ordinary 
wagon  is  3  by  9  by  I  ft.  giving  a  capacity  of  i  cu.  yd.  of  loose 
earth,  or  about  0.8  cu.  yd.  place  measurement.  This  is  a  full  load 
for  temporary  roads  over  soft  earth  and  up  steep  pitches,  as  in  most 
railroad  work.  For  long  hauls  over  hard  roads,  as  in  road  improve- 
ment and  city  work,  additional  side  boards  are  much  used,  increas- 
ing the  load  to  ij4  to  iH  cu.  yd.,  place  measurement.  The  slat- 
bottom  box  has  about  3  by  4-in.  slats  for  the  bottom  and  requires 
a  man  at  the  bank  to  aid  the  driver  in  dumping,  which  takes  about 
IH  minutes  for  the  o.8-cu.  yd.  or  3  minutes  for  the  i^-cu.  yd.  load. 
Dump  wagons  which  can  be  dumped  and  the  bottom  closed  again 
without  stopping  the  team  are  rapidly  coming  into  use.  Enough 
men  should  be  put  in  the  pit  to  load  a  cubic  yard  in  about  5  minutes. 
This  would  give  at  35  cents  per  hour  for  team  and  driver,  3  cents 
for  loading  time,  or  about  4  cents  total  for  loading  and  dumping 
time  with  slat-bottom  wagons.  If  inconvenient  to  use  so  many 
shovelers  an  extra  wagon  may  be  loaded  while  the  team  is  going 
to  the  dump  so  that  by  shifting  the  lost  time  can  be  kept  about  the 
same.  If  the  earth  is  plowed  and  shoveled,  with  foreman  and 
maintenance  increased  to  i  J4  cents  this  would  give  for  field  expenses, 
except  management,  and  maintenance  for  a  speed  of  2.5  miles  per 
hour,  or  220  ft.  per  minute  when  traveling: 

To  a  fixed  cost  of  17  cents,  add  H  cent  for  each  100  ft.  of  lead, 
for  loads  of  i  cu,  yd.,  place  measurement. 
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For  different  loads  the  amount  to  add  for  each  loo  ft.  of  lead 

would  be  as  follows: 

Load  of  0.8  cu.  yd.  add  0.66  cent  per  100  ft. 
Load  of 'I  cu.  yd.  add  0.53  cent  per  100  ft. 
Load  of  1.5  cu.  yd.  add  0.35  cent  per  100  ft. 
Load  of  2      cu.  yd.  add  0.26  cent  per  100  ft. 

Frequently  wagons  can  be  loaded  with  scrapers  dumping  through 
a  platform  cheaper  than  with  shovels.  The  following  data  are 
taken  from  Engineering-Contracting,  1907,  for  the  cpst  of  excavat- 
ing a  street  of  a  western  city  to  a  depth  of  about  2  ft.,  using  a  plow 
and  drag  scrapers.  A  10  by  12-ft.  platform  was  built  with  a  floor 
of  2-in.  plank  on  6  by  6-in.  stringers  high  enough  to  give  a  clearance 
of  about  7.5  ft.  An  opening  2  ft.  square  was  left  in  the  center 
through  which  the  material  was  dumped  automatically  by  the 
front  end  of  the  scraper  catching  on  a  cleat  nailed  in  front  of  the 
hole.  .  This  aided  but  did  not  do  away  with  the  dumpman.  There 
were  two  inclined  runways.  The  approach  was  steep  and  soon 
banked  with  earth;  the  rim  off  was  on  a  15  per  cent,  gradient.  The 
street  gradient  was  6  per  cent,  and  the  material  was  hauled  down 
grade  an  average  distance  of  120  ft.  in  direct  line.  The  platform 
had  to  be  moved  from  time  to  time.  The  wagon  loads  averaged 
2  cu.  yd.  in  place  and  a  wagon  was  filled  by  scraper  loads  in  less 
than  6  minute,  or  at  the  rate  of  more  than  20  cu.  yd.  per  hour. 
The  labor  cost,  except  foreman,  of  loading  per  hour  was  as  follows; 

One  plow  team $0 .  40 

One  man  holding  plow 0.20 

One  man  holding  scraper 0.20 

One  man  at  dump* 0.20 

Five  scraper  teams 2 .  00 

Total  for  20  C14.  yd $3  •  00 

or  15  cents  per  cubic  yard.    The  No.  i  wheel  scraper  should  give 
better  results  than  the  drag  scraper  for  this  lead.. 

Power  Shovels.  The  standard  machine  for  loading  large  quan- 
tities of  material  is  the  power  shovel.  It  is  usually  operated  by 
steam,  but  sometimes  by  electricity.  It  will  handle  earth,  loose 
rock,  and  even  cemented  material  without  loosening.  Solid  rock 
must,  of  course,  be  blasted  and  it  will  often  prove  economical  to 
loosen  cemented  material  and  loose  rock.  The  ordinary  shovel 
is  usually  mounted  on  standard  gage  trucks  and  provided  with 
propelling  chains.  The  boom  swings  through  an  angle  somewhat 
over  180  deg.  Jacks  outside  the  tracks  are  used  at  the  front 
comers  to  give  a  broader  base  for  stability  while  at  work.  Some 
of  the  smaller  shovels  are  balanced  on  a  car  and  can  swing  through 
a  full  circle.  Some  of  the  makers  mount  these  on  traction  wheels 
for  highway  and  street  work,  cellar  excavation,  etc.  Shovels  with 
short  booms  are  also  made  for  tunnel  and  mining  work.  The  dipper 
dumps  through  a  door  at  the  bottom  and  for  light  material  its 
capacity  is  sometimes  increased  by  providing  an  extension  or  lip 
in  front.  For  hard  material  dippers  are  fitted  with  steel  teeth. 
Heavy  machines  with  smaller  dippers  than  for  earth  are  usual  for 
hard  digging  and  for  handling  large  boulders.  Steam  shovels  are 
usually  operated  by  three  men,  the  engine-man  or  nmner,  the 
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cranesman  and  the  fireman.  The  engineman  controls  the  raising 
and  lowering  of  the  dipper  and  the  swinging  of  the  boom,  while  the 
cranesman  regulates  the  depth  of  cut  or  "  bite,"  releases  the  dipper 
from  the  bank  when  full  and  dumps  the  load.  Pitmen,  usuidly 
four  to  six,  prepare  for  and  move  the  short  sections  of  track  for- 
ward, operate  the  jacks  and  chocks  in  moving,  etc.  An  excellent 
analysis  of  the  cost  of  steam  shovel  work  and  discussion  of  the 
factors  affecting  the  same  are  given  in  a  Handbook  of  Steam  Shovel 
Work  publish^  by  the  Bucyrus  Company,  South  Milwaukee, 
Wis.,  it  being  a  report  by  the  Construction  Service  Company,  based 
on  records  and  time  studies  given  in  full  for  forty-five  Buc3rrus 
shovels  working  under  different  conditions  as  to  material,  depth 
of  cutting,  size  of  cars,  number  of  cars  in  a  train,  management, 
etc.  A  formula  is  given  for  cost  of  loading  cars,  in  cents  per  cubic 
yard,  place  measurement,  for  shovel  work  only,  including  plant 
expenses,  and  labor  (except  superintendence)  and  materials  of 
field  expenses,  in  which 

d  s  time  in  minutes  to  load  i  cu.  ft.,  place  measurement 
c  =  capacity  of  one  car  in  cubic  feet,  place  measurement 
/  =  time  shovel  is  interrupted  to  spot  one  car 
e  =  time  shovel  is  interrupted  to  change  trains 
g  =  time  required  to  move  shovel 
L  =  distance  of  one  move  of  shovel  in  feet 
M  —  minutes  per  shift  less  loss  for  accidental  delays 
A  =  area  of  excavated  section  in  square  feet 
R  =  cost  per  cubic  yard  on  cars 
n  =  number  of  cars  per  train 
C  =  shovel  expense  in  cents  per  shift 

From  these, 

M    \         c         nc      LA} 

Using  estimated  values  of  C  and  A  and  the  average  values 
given  below  (or  estimated  ones)  for  the  other  terms  except  M  and  d, 
a  plate  of  cost  curves  may  be  plotted  for  any  value  of  LA  showing 
the  relation  between  R  and  d  for  various  values  of  Jf .  To  esti- 
mate C,  a  $14,000  shovel  is  assimied,  with  the  following  data : 

Cost  per  year 

Depreciation,  4H  per  cent $653 .  34 

Interest,  6  per  cent 840 .  00 

Repairs,  when  working  one  shift 2000 .  00 

I3493.34 

Per  year  of  150  working  days,  or  523*39  per  working 

day I23 . 29 

Shovel  runner S .  00 

Cranesman '3 .  60 

Fireman 2 .  40 

One-half  watchman  at  $50  per  month i .  00 

Six  pitmen  at  $1.50 9.00 

One  team  hauling  coal,  water,  etc.,  half  day,  say 2 .  50 

Two  and  a  half  tons  coal  at  I3.50 8.7s 

Oil,  waste,  etc.,  say i .  50 

Cost  per  day,  C/ioo l57 •04 
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The  depreciation  is  found  by  distributing  the  difference  between  first 
cost,  assumed  at  $150  per  ton,  and  scrap  value,  $10  per  ton,  over 
the  life  of  the  shovel,  assumed  as  20  years.    It  is  stated  that 
"The  cost  of  repairs  should' be  apportioned  to  the  work  turned  out 
rather  than  considered  as  a- function  of  the  age  of  the  shovel.    It 
will  be  higher  for  rock  than  for  earth-work  and  higher  for  badly 
broken  rock  than  for  well-blasted  material."    In  assuming  150 
working  days  per  year,  allowance  has  been  made  for  bad  weather, 
lack  of  continuous  work,  transportation  of  plant,  etc.    The  actual 
number  will  be  greatly  affected  by  local  conditions.    The  fuel 
consumption  assumed  for  the  heavy  shovel  used  checks  fairly 
well  with  some  data  given  by  Gillette,  Handbook  of  Cost  Data. 
His  values  for  coal  and  water  per  lo-hour  day  vary  from  H  ton 
and  1500  gal.  for  a  35-ton  shovel  with  a  iH-cu,  yd.  dipper  to  2^ 
tons  and  4500  gal.  for  a  90-ton  shovel  with  a  3-cu.  yd.  dipper. 
The  average  shovel  move,  Z,  was  6  ft.    A  varies  with  the  depth 
and  width  of  cut.    For  example,  values  of  250,  500  and  1000  sq. 
ft.  are  used  in  the  Handbook  in  computing  cost  curves.    The 
larger  the  volume,  LA,  per  shovel  move  the  less  the  cost  per  cubic 
yard.    The  width  of  cut  and  L  are  fixed  by  the  reach  of  the  shovel. 
In  increasing  the  depth  to  increase  Ay  the  danger  of  landslides 
should  be  considered  as  also  the  height  of  the  loading  track  if 
cars  are  handled  in  trains  alongside  the  shovel.    On  the  other 
hand,  if  the  depth  reaches  a  certain  minimum,  varying  with  the 
material,  such  that  the  dipper  will  not  fill  in  one  raise,  the;  cost  will 
also  be  increased  by  increasing  J,  the  time  required  to  load  a  cubic 
foot.    The  time  d,  required  .to  load  i  cu.  ft.  depends  upon  the 
material,  the  depth  of  cutting,  the  shovel  and  the  capacity  of  its 
dipper,  as  well  as  upon  the  skill  and  cooperation  of  the  engineman 
and  cranesman.    These  men  must  work  together  perfectly  or 
costs  will  be  seriously  affected.    The  results  of  the  tests  taken 
show  that  the  average  time  to  load  i  cu.  yd.,  place  measurement,  is 
about  loVi  seconds  for  iron  ore,  12  for  sand,  i8h  for  clay  and  earth 
and  31H  for  rock.    These  were  with  average  dipper  capacities, 
place  measurement  of  i  cu.  yd.  for  rock,  iH  for  earth  and  sand, 
iH  for  day  and  2H  for  iron  ore.    The  average  ratios  of  place 
measurement  to  water  measurement  for  the  dippers  were  0.94 
for  iron  ore,  0.56  for  sand,  0.61  for  clay,  0.53  for  earth  and  0.43 
for  rock.    The  time,  /,  for  spotting  cars  is  usually  zero,  as  it  is 
done  while  the  shovel  is  turning  and  digging.    This  is  where  the 
train  is  alongside  and  moved  a  car  length  at  a  time  without  switch- 
ing.   The  capacity,  c,  is  taken  as  4  cu.  yd.,  water  measurement, 
or  2.5,  place  measurement,  for  ordinary  contracting  work  where  10 
car  trains  of  side  dumping  cars  are  most  common,  or  »  =  10.    The 
time,  e,  the  shovel  was  interrupted  to  change  trains  averaged  4 
minutes.    The  average  time,  gy  required   to  move  the  shovel 
averaged  "8  minutes.    It  depends  upon  the  skill  and   coopera- 
tion of  the  crew  and  pitmen,  and  should  be  done  according  to  a 
definite  schedule.    The  time  lost  by  accidental  delays,  to  be  sub- 
tracted in  finding  M,  averaged  about  7H  per  cent,  for  brick  day, 
8^4  for  sand,  gravel  and  iron  ore,  17H  for  earth,  day  and  loam 
from  railroad  borrow  pits  and  crushed  stone  from  quarries,  and  20 
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for  rock  cuts  on  railroad  work;  with  a  maxiinum  of  about  40  per 
cent,  for  borrow  pits  of  earth  and  56  for  rock  cuts.  These  delays 
may  be  due  to  the  condition  of  the  material  or  to  breakdowns  or  to 
accidents.  Thus,  wet  clay  often  clogs  the  dipper  teeth  and  sticks 
in  the  bucket.  Delays  are  most  frequent,  however,  in  handling 
rock,  especially  if  it  has  not  been  properly  broken.  Large  pieces 
have  to  be  "chained  out"  or  broken  by  mud  capping  or  block- 
holing  and  blasting,  thus  seriously  delaying  the  shovel..  Small 
air  hammer  drills  can  be  used  to  advantage  in  block-hoUng  as  the 
hole  can  often  be  drilled  on  the  side  of  the  stone  away  from  the 
shovel  and  the  stone  broken  by  light  charges.  Every  effort  should 
be  made,  however,  to  properly  break  the  rock  with  the  original 
blasts.  Holes  a  few  inches  too  shallow  or  with  the  bottoms  not 
proj>erly  loaded  often  leave  ridges  which  must  be  drilled  and  blasted 
before  the  track  for  the  shovel  can  be  laid.  Delays  due  to  break- 
downs shoidd  be  minimized  by  keeping  duplicate  parts  liable  to 
breakage  on  the  job  and  training  the  men  to  make  repairs  quickly. 
The  shovel  should  be  carefully  inspected  each  night  and  parts 
liable  to  break  the  next  day  replaced.  It  should  be  noted  that 
the  use  of  average  values  of  the  various  factors  will  give  only  what 
may  be  considered  standard  cost  curves.  But  estimated  values, 
or  actual  ones  from  time  studies,  are  easily  used,  thus  making  it 
possible  to  vary  conditions  and  determine  what  plan  of  operations 
gives  the  best  results.  The  Bucyrus  formula  shows  clearly  that 
delays,  either  «,  /  ^nd  g,  or  those  which  reduce  the  value  of  M, 
increase  R^  the  cost  of  loading,  and  they  may  also  increase  the  cost 
of  transportation.  The  best  efforts  of  the  management  should 
therefore  be  directed  toward  reducing  these,  both  by  the  use  of 
proper  general  design  and  plan  of  operation,  and  by  careful  super- 
vision during  the  progress  of  the  work. 

Steam  Shovels  for  Light  Work.  For  light  work  or  for  loading 
into  wagons  or  small  cars  a  small  shovel  is  often  preferable.  It  is 
estimated,  for  example,  that  the  Thew  13-ton  full  swing  shovel 
with  traction  wheels  and  H-cu.  yd.  dipper  can  be  operated  for 
$13.50  per  lo-hour  day,  as  follows; 

Engineman - l5 .  QO 

Fireman 2 .  oo 

Two  pitmen 3 .  00 

Fuel  at  I4  per  ton 2 .  00 

Supplies  and  repairs i .  50 

Total I13.S0 

It  is  claimed  that  it  will  excavate  some  35  cu.  yd.  per  hour  in  or- 
dinary soil,  while  if  the  engineman  does  his  own  firing  and  but  one 
pitnian  is  used  the  cost  can  be  redi:(ped  to  about  $7  and  the  ca-. 
pacity  will  be  about  25  cu.  yd.  per  hour.  Allowing  i  minute 
delay  per  load  in  getting  the  i-cu.  yd.  wagons  into  place  and 
a  little  extra  time  for  moving,  this  would  give  20  cu.  yd.  per 
hour,  or  200  per  day  for  the  full  crew.  Dividing  $13.50  by  200 
would  give  6h  cents  per  cubic  yard  for  loosening  and  loading. 
This  does  not  include  delays,  depreciation  or  interest. 

Electric  Shovels.  When  electric  power  is  available,  a  con- 
siderable saving  can  be  made  by  the  use  of  the  electric  shovel,  in 
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which  electric  motors  displace  the  steam  engines  and  boiler  of 
the  steam  shovel.  In  the  construction  of  the  Brantford  and 
Hamilton  (Ont.)  Electric  Railway,  an  electric  shovel  of  i  to  i  H  cu. 
yd.  capacity  was  used.  When  this  shovel  worked  in  the  gravel 
pit  the  depth  of  the  cut  was  about  14  ft.  The  gravel  was  loaded 
onto  flat  cars  having  14-cu.  yd.  capacity  each,  and  frequently 
100  loaded  cars  were  hauled  away  daily.  This  meant  an  output  of 
1400  cu.  yd.  loose  measurement,  or  1050  cu.  yd.  placed  measure- 
ment. The  labor  cost  for  a  day  was  $29.50,  divided  as  follows: 
One  superintendent,  $4;  shovel  crew,  consisting  of  two  shovel 
men  at  $3  and  two  pit  men  at  $1.50;  one  motorman  at  $3  and  one 
signal  man  at  $1.50  for  spotting  cars;  transporting  two  trains,  re- 
quiring two  motormen  at  $3  each  and  two  trainmen  at  $1.50  each; 
and  two  men  at  the  dump  at  $1.50  each.  With  1050  cu.  yd.  re- 
moved in  a  lo-hour  day,  the  labor  costs  were  as  follows:  Super- 
intendence, $0,004;  loading,  $0,013;  transportation,  $0,009;  dump- 
ing, $0,003;  total,  $0,029  per  cu.  yd.  When  the  output  fell  to  800 
cu.  yd.  place  measurement,  the  total  unit  labor  cost  was  $0,037 
per  cubic  yard.  This  extreme  minimum  figure,  of  course,  does  not 
include  charges  for  power^  plant,  repairs  and  track  work. 

The  Chautauqua  (N.  Y.)  Traction  Company  gives  the  cost  of 
power  and  labor  for  a  ij^^-cu.  yd.  electric  shovel,  working  in  a 
mixture  of  gravel,  sticky  clay  and  sand  as:  - 

I  man  (daily) $2 .  67 

1  man 3 .  00 

2  men  @  I1.20 .' .* 3.40 

163  kw.-hr.  at  I0.0088 i .  43 

Oil  and  waste,  etc o .  30 

18. 80 

534  CU.  yd.  were  handled  per  day,  making  the  cost  about  1.64 
cents  per  cubic  yard.  This  with  shovel  idle  about  one-half  the  time. 
Mr.  W.  C.  Sparks,  of  the  Rockford  (111.)  &  Interurban  Railway 
gives  the  following  data  on  the  cost  of  loading  and  hauling  gravel 
for  I  month,  with  the  following  equipment:  Shovel,  Thew  elec- 
tric No.  I,  full  circle  swing  dipper  iH  yd.  Three  work  train  motor 
cars,  each  with  four  GE-57  so-HP  motors;  .ballast  cars,  thirteen 
i2-yd.  Western  center  dump.  Conditions:  15 -ft.  bank  of  gravel; 
4  per  cent,  grade  out  of  pit;  average  daily  mileage  of  work  trains, 
120;  shovel  operated  by  three  men;  foreman's  time  divided  between 
pit  and  surfacing  gang;  shovel  not  operated  to  capacity  because  of 
inability  to  keep  cars  spotted  for  loading;  power  conditions  only 
fair;  work  trains  cleared  regular  trains;  no  charge  made  for  re- 
pairs to  work  and  ballast  cars;  total  yardage  for  month,  6630. 
The  detail  of  the  cost  was  as  follows: 

Miscellaneous 
Shifting  track — 12  men  3  hours  at  o .  20 .   7  •  20 
13  men  3  hours  at  o .  20 .   '7 .  80 

15.00 

Oil  and  waste  for  shovel i .  60     i .  60 

Repairs — i  man  12  hours  at  o .  25 3 .  00 

I  man    8  hours  at  0 .  25 2 .  00 

Material 1.25    6.25    22 .  85-0 .  0034    per 

yard 
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Loading 

Foreman  31  days  at  i .  25 3S .  75 

Operator  324  hours  at  0 .  25 81 .  00 

Labor  540  hours  at  o . 20 108.00     227.75 

Power  used  by  shovel  0.00167 

per  yard  estimated 10.97       10.97    238.72-0.0360      per 

yard 

Transportation 
Work  train  ^crews  11 29  hours 

ato.25..r 282.25    282.25    282.25-0.0420      per 

yard 

Stripping 

36,500  yd.  gravel I1825.00  1825.00  1825.00-0.0500      per 

yard 

Power 

1680  miles  loaded  at  o . 08 134. 00 

1680  miles  light  at  0 . 06 100.80    235.20     235.20-0.0355       per 

yard 

Average  cost  for  month o .  1669      per 

yard 

Mr.  Sparks  also  gives  cost  of  loading  and  hauling  dirt  for  a  bridge 
fill  during  October,  1913,  as  follows:  Equipment:  Shovel,  Thew 
Electric  No.  i,  full  circle  swing  dipper  iH  yd.;  one  work  train 
motor  car  with  four  GE-57  50-HP  motors,  and  three  12-yd. 
Western  side  dump  cars.  Conditions:  Twelve-foot  bank  of  dirt — 
hardpan  in  bottom;  no  grade  out  of  cut;  average  daily  mileage 
of  work  train,  50;  shovel  operated  by  two  and  three  men;  no 
superintendence  charged;  power  conditions  good;  work  trains 
cleared  regular  trains;  no  charge  made  for  repairs  to  work  on  dump 
cars;  total  yardage  for  month,  9240.    The  detail  of  cost  was* 

Miscellaneous 
Repairs — i  man  14  hours  at  o .  25 .       3 .  50 
I  man  7  hours  at  0.25.        1.75 
Material 3.75       9.00 

Oil  and  waste i .  50       i .  50 

Installing  siding — 

Foreman  2  days  at  2 .  50. .        5 .  00 
Labor  200  hours  at  o .  20 . .     40 .  00     45 .  00 

Shifting  track — 

Foreman  2  days  at  2 .  50 . .        5 .  00 
Labor  185  hours  at  0.20. .     37.00     42.00 

Removing  siding — 

Foreman  I  day  at  2.50.. .        2.50 

Labor 47}^  hours  at  0.20.        9-50     12.00 

•— 

Installing  overhead,  phone,  etc. . .     1 5 .  00     1 5 .  00      1 24 .  50-0 .0134      per 

yard 

Loading 

Operator  369  hours  at  o .  25 92 .  25 

Labor  431  hours  at  0.20 86.20  178.45 

Power  used  by  shovel  0.00167  per 

yard  estimated 15.44     15.44      193.89-0.0209      per 

yard 
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Transportation 
Worktrain  crews  704hours  at  0.25  176.10  176.10  176.  lo-o.  01 90  per  yard 

Labor  on  Fill 

Foreman  2  days  at  2 .  50 5 .  00 

Labor  345  hours  at  0.20 68.00   73.00     73. 00-0. 0079 per  yard 

Power 

775  miles  loaded  at  (^  08 62 .  00 

77S  miles  light  at  0.06 42.50  108.50  108. 50-0. on 7 per  yard 

Average  cost 0 .  0729  per  yard 

The  Milwaukee  Electric  Railway  &  Light  Co.  gives  as  follows 
the  records  of  operation  of  an  electric  shovel  while  excavating  track 
trench  in  dty  streets,  lifting  the  loose  gravel  and  crushed  stone 
material  into  5-yd.  dump  cars  on  the  adjacent  tract.  The  operat- 
ing costs  of  this  shovel  on  eight  jobs  approximating  24,060  cu. 
yd.  was  $3,584.25,  or  approximately  14.9  cents  per  cubic  yard. 
This  includes  labor,  power,  oil,  etc.  To  the  above  cost  should  be 
added  the  fixed  charges  on  the  investment  of  I4000,  as  follows: 

Interest,  taxes,  etc 8  per  cent. 

Dej^reciation 12  per  cent. 

Maintenance 5  per  cent. 

Total  annual  charge 25  per  cent,  or  liooo 

being  approximately  4  cents  per  cubic  yard,  making  a  total  of 
18.9  cents  per  yard  as  the  cost  of  owning  and  operating  this  shovel 
for  a  season's  output  of  25,000  yd.  Part  of  this  work  was  done 
entirely  on  construction  work,  namely,  ne^  tracks,  but  that  part 
done  on  the  operating  tracks  excavation  was  done  at  night,  mainly 
during  the  time  of  the  owl  car  operation.  In  some  cases,  however, 
at  the  outer  ends  of  the  lines  stub  service  was  operated  during  the 
early  hours  of  the  night.  It  was  not  found  necessary  to  provide 
a  temporary  running  track. 

The  Indianapolis  Traction  &  Terminal  Co.  states  that  it  uses 
its  shovel  to  excavate,  grade  and  sub-grade,  in  dty  streets. 
The  ditch  is  9  ft.  wide  by  24  in.  deep,  and  an  average  day's  work  is 
340  lin.  ft.,  maxiihum  410  lin.  ft.  Work  less  than  300  ft.  is  due 
to  obstructions,  gas,  water  pipes,  conduits,  manholes,  etc.,  requir- 
ing to  back  up  the  shovd  to  get  over  them.  The  shovel  crew 
consists  of: 

I  operator  at  o .  30  per  hr I3 .  00 

I  foreman  at  o. 25  per  hr 2 .  50 

8  laborers  at  o.  17^  per  hr^ 14. 00 

226  cu.  yd.  at  8  ^0  cents  equals I19 .  50 

To  do  an  average  day's  work  requires  a  move  every  6  or  7  minutes, 
each  move  being  4  ft.  With  deeper  digging  and  less  frequent 
moves  a  greater  number  of  cubic  yards  can  be  handled.  It  makes 
no  material  difference  as  to  the  character  of  the  excavation,  that 
is,  clay,  gravel,  old  paving  concrete  and  old  ties.  The  old  rail  is 
puUed  out  with  a  crane  car  and  then  the  shovel  is  put  in  after 
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removing  any  of  the  old  paving  that  has  value.  No  current  charge 
is  made,  but  it  will  average  about  35  amperes  on  550  volts.  On 
clay  digging  in  4-ft.  bank  the  machine  averaged  420  Un.  ft.  ditch 
9  ft.  wide,  with  same  crew.  In  all  cases  material  was  loaded  into 
6-yd.  standard  gage  Western  dump  cars. 

Hauling  with  Cars  and  Dinkey  Locomotives.  On  new  construc- 
tion this  is  the  standard  method  of  hauling  material  excavated  with 
steam  shovel.  The  usual  gage  is  3  ft.  The  cars  are  side  dump  of 
3  or  4  cu.  yd.  capacity  the  latter  weighing  about  6000  lb.  The 
dinkey  weighs  from  8  to  about  30  tons;  all  on  drivers.  This  light 
weight  allows  the  use  of  rails  of  from  16  to  40  lb.  per  yard.  With 
5-ft.  ties  about  6  by  6  in.  in  section,  it  makes  a  light  track  which 
can  be  easily  shifted  at  cut  or  dump  as  required.  The  following 
rental  rates  were  quoted  by  an  equipment  company,  July,  191 1. 

Four-cu.  yd.  3-ft.  gage  Western  cars. 

First  month |io.  50 

Second  month xo .  30 

Third  to  fifth  month  inclusive 9 .  60 

Sixth  to  eighth  month  inclusive 9. 00 

.  Each  month  thereafter 8 .  40 

Twelve-ton  dinkey. 

First  month , $141 .  00 

Second  month 132 .  00 

Third  to  fifth  month  inclusive 1 17 .  00 

Sixth  to  eighth  month  inclusive loi  .00 

Each  month  thereafter 93  •  00 

The  rolling  friction  on  this  light  track  is  from  20  to  30  lb.  per  ton 
and  probably  more  in  starting  on  dirty  track.  The  dinkey  can 
exert  a  pulling  force  of  about  one-fourth  of  its  weight.  The  speed 
is  about  5  miles  per  hour  when  loaded  and  8  to  9  when  empty  or 
on  down  gradients  with  smooth  track.  One  dinkey  is  often  used 
with  a  ij^-cu.  yd.  shovel  for  leads  up  to  1000  ft.  With  six  cars 
and  three  or  four  dumpmen  the  train  can  be  dumped  in  about  2 
minutes  so  that  good  residts  can  be  obtained.  For  longer  leads,  a 
second  engine  would  be  required  for  spotting  cars,  with  cars  enough 
for  two  trains,  one  dumping  while  the  other  is  loading.  The  length 
of  train  and  weight  of  engine  should  increase  with  the  lead  when  the 
work  is  heavy  enough  to  warrant  it. 

Hauling  with  Cars  and  Horses.  Two-foot  gage  i  -cu.  yd.  capacity 
cars  weigh  about  1000  lb.  each  and  iH-cu.  yd.  cars  about  1350, 
so  that  one  horse  can  draw  three  loaded  cars  if  favored  slightly  by  the 
gradient  for  the  heavier  cars.  Fifteen  to  20-lb.  rails  are  heavy 
enough,  with  plank  or  roiind  timber  ties.  A  side  tiack  is  put  in 
at  the  cut  and  two  trains  are  used  the  same  as  for  dinkey  engines. 
For  hand  loading  both  tracks  should  extend  into  the  cut  and  be 
used  alternately  to  save  work  in  switching.  Allowing  the  driver 
6  minutes  for  dumping  and  i  minute  at  the  cut,  the  fixed  cost, 
at  $1.50  for  the  driver  and  $1.00  for  the  horse,  would  be  i  cent 
per  cubic  yard  for  the  heavier  cars,  i  cu.  yd.  place  measurement, 
while  the  cost  per  100  ft.  of  lead  would  be  0.14  cent,  giving  for  the 
cost  of  hauling  per  cubic  yard:  To  a  fixed  cost  of  i  cent  add  0.14 
cent  for  each  100  ft.  of  lead.  For  level  or  slightly  rising  track, 
requiring  the  0.8-cu.  yd.,  place  measurement,  cars,  this  would  be- 
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come:  To  a  fixed  cost  of  iH  cents,  add  0.18  cent  for  each  100  ft. 
of  lead.  This  assumes  a  dumping  trestle  and  no  trackwork  or 
depreciation.  The  trackwork  would  cost  much  less  than  for  the 
shovel  and  dinkey,  especially  at  the  cut.  One  cent  plus  0.2  cent 
j)er  100  ft.  of  lead  should  cover  ordinary  conditions.  With  no 
dumping  trestle  i  H  cents  per  cubic  yard  should  be  added  for  spread- 
ing and  about  i  cent  for  extra  shifting  of  track.  This  would  give 
for  the  cost  of  transportation:  To  a  fixed  cost  of  4.5  cents  add  0.34 
cent  for  each  100  ft.  of  lead,  or  to  a  fixed  cost  of  4H  cents  add  0.4 
cent  for  each  100  ft.  of  lead,  according  as  3  or  2.4  cu.  yd.  are 
hauled  per  train.  To  this  must  be  added  the  cost  of  loosening  and 
loading. 

Power  Shovel  and  Standard  Equipment.  Standard  gage  flat 
cars  and  ballast  cars  are  used  on  maintenance  work  in  widening 
cuts  and  fills,  filling  old  trestles,  reducing  gradients,  distributing 
ballast,  etc.  The  flat  cars  are  unloaded  by  a  plow  drawn  by  cable. 
The  ballast  or  dump  cars  are  dumped  through  doors  operated  by 
air  from  the  brake  system.  For  the  heavy  cars,  inclined  floors 
rather  than  tilting  bodies  make  them  self  cleaning.  The  capacities 
of  the  flat  and  ballast  cars  range  from  10  to  about  30  cu.  yd.  The 
cost  of  loading  with  power  shovel  and  hauling  on  good  track  with 
large  cars  is  less  than  with  the  small  cars  and  poor  track  used  on  new 
work,  provided  the  forces  can  be  so  adjusted  as  to  keep  all  busy. 
Usually,  however,  the  work  must  be  done  subject  to  interruption 
from  traffic  so  that  a  careful  study  of  conditions  must  be  made  in 
order  to  estimate  costs.  W.  Beahan,  First  Asst.  Engr.,  L.  S.  &  M.  S. 
Ry.,  in  a  letter  dated  October,  191 1,  places  the  cost  of  grading 
for  third  and  fourth  track,  tising  standard  equipment  and  a  haul 
not  exceeding  5  miles  including  loading,  unloading  and  leveling 
ready  to  lay  the  ties,  about  as  follows  per  cubic  yard: 

Borrow  pits  or  cuts  with  is-ft.  face $0.11 

Earth  cuts,  3  to  10  ft.  deep o.is 

Shale. cuts,  all  blasted o.  21 

Other  rock  cuts  all  blasted  and  requiring  breaking  up  by 

blockholing .• 0.25 

This  includes  labor  and  supplies  as  follows: 

Foreman  per  month '  $75 .  00 

Laborers  per  hour,  lo-hour  days o.  15 

Steam  shovel  crew,  8  men  per  lo-hour  day 25 .  00 

Train  service,  labor  and  supplies  per  day 28 .  00 

« 

Interest,  depreciation,  explosives  and  overhead  charges  are  not 
included.  The  repairs  for  shovel  probably  are  included  as  the  labor 
was  performed  by  the  shovel  crew.  Mr.  Beahan  states  that  in 
moving  a  short  distance  where  overhead  obstructions  will  allow, 
they  sometimes  let  the  dipper  rest  on  a  flat  car,  remove  the  jack 
arms  and  haul  the  shovel  with  the  work  train;  but  that  usually 
it  is  best  to  take  the  shovel  down  even  for  moving  a  short  distance, 
and  they  estimate  that  it  will  cost  $100  to  take  a  shovel  out  of  one 
cut  and  put  it  in  another,  although  they  can  occasionally  do  it  for 
$50.  A.  J.  Himes,  Engr.  of  Grade  Elim.,  N.  Y.  C.  &  St.  L.  R.  R.  Co., 
gives  the  cost  of  moving  a  shovel  about  sH  miles  through  the  City 
of  Cleveland  in  August,  191 1,  as  follows: 
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Labor: 

Taking  down $23 .  26 

Moving 49.11 

Setting  up 23 .  27 

^95. 64 

Work  Train  Service: 

Placing   cars   to   load   parts   and   helping  to 

take  down S10.20 

Moving  shovel  and  bunk  cars 8 .  50         18 .  70 

I114.34 

The  cost  of  shipping  the  above  shovel  from  Ashtabula  to  Cleve- 
land and  setting  up  is  given  as  follows : 

Freight:  shovel  and  three  cars  at  I19.50 $78.00 

Boarding  car  and  tool  car  at  $22.50 45 .  00 

Lost  time  shovel  crew 8 .  84 

Setting  up  shovel 31-47 

$163.31 

On  new  work,  the  cost  of  moving  from  the  railroad  to  the  site 
would  be  in  addition  to  that  of  setting  up,  or  taking  down  and  setting 
up,  as  above.  This  may  be  over  highways  or  across  country.  A 
track  is  required  with  force  sufl5cient  to  take  up  and  move  forward 
ahead  of  the  shovel.  The  shovel  can  be  moved  with  its  own  power 
if  the  gradients  are  not  too  steep.  If  too  steep  for  adhesion,  one 
end  of  a  rope  can  be  anchored  ahead,  the  other  end  wound  around 
the  driving  axle  and  the  running  gear  started.  No  general  estimate 
of  cost  of  moving  can  be  given  on  account  of  the  variation  in  con- 
ditions. The  Bucjrrus  Handbook  of  Steam  Shovel  Work  states  that 
a  70- ton  shovel  was  moved  1600  ft.  in  8  hours  by  the  shovel  crew, 
16  men,  foreman  and  one  team  at  a  total  cost  of  $34  or  2.12  cents 
per  foot. 

Culvert  Openings.  The  following  run-off  formulas  for  culvert 
openings  are  taken  from  the  report  of  Committee  on  Drainage  of  the 
Illinois  Society  of  Engineers  and  Surveyors,  1913.  In  these  formu- 
las, M  =  area  of  watershed  in  square  miles;  A  —  area  of  watershed 
in  acres;  Q  =  maximum  discharge  entire  watershed  in  cubic  feet  per 
second;  q  =  maximum  discharge  per  square  mile  in  cubic  feet  per 
second;  c  =  coefficient;  a  =  area  of  opening  required  in  square 
feet: 

Talbott:  a  =  cy/A^,    c  =  0.6  for  flatland;  c  =  0.85  for  mod- 
erate slope;  c  =  I.I  for  steep  slope 

Myers:  a  =  cs/aI    c  =  i  for  flat  land;  c  =  1.6  for  hilly  land; 
c  =  4  f or  moimtains 

Peck:  a  — — .    c  =  4to6  (Missouri  Pacific  Ry.) 

Went  worth:  a  =  ,4^.    Applicable  to  conditions  on  Norfolk 
&  Western  R.  R. 

C.  B.  &Q.:  Q  =     ^"^^  ,— 

3  +  iWM 
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Cooley:  (i)  Q  =  20oMH^  (2)  Q  =  iSoMH 
Tidewater  Ry.  Co.:  a  =  0.62^4^0 

■ 

I42i3f 


8000 


O'Connell:  Q  = 


0.311 


Vm 


KmcHLiNG:  For  occasional  floods:  q  =  ^7^7 h  20; 

for  rare  floods:  g  =  Y:r~r h  7-4 

Af  -h  370 

.  46,790      I 
Murphy:  q  =  ,>— r^^ h  15 

'         M   +  320 

Gray:  g  =  s.SgAfH 

Fanning:  ^  =  c3f^.  c  —  130  to  200  for  New  England  and  Ap- 
palachian watersheds;  c  »  60  to  100  for  eastern  midcUe 
states  watersheds;  c  =  12  to  50  for  western  tributaries  of 
Mississippi  River  north  of  Missouri  River. 

Wooden  Trestles.  The  reasons  for  the  common  use  of  wooden 
trestles  on  new  work  are  summarized  in  an  editorial  in  the  Engi- 
neering News  as  follows: 

1.  A  well-built  timber  trestle,  while  it  lasts,  is  a  very  solid  and 
safe  structure,  and  it  lasts  normally  in  good  condition  for  from  5 
to  10  years  while  much  hastily  built  masonry  gives  out  in  i  or 
2  years. 

2.  There  is  more  time  to  determine  accurately  the  size  of  opening 
needed  and  thus  avoid  needless  washouts;  besides,  well-built  timber 
structures  are  less  likely  to  wash  out  suddenly. 

3.  The  time  of  construction  is  shortened  materially,  often  an 
important  consideration. 

4.  The  masonry,  when  at  last  btiilt,  is  almost  certain  to  be  better 
built  and  of  better  stone.  Haul  then  is  of  less  importance  and  there 
will  be  more  time  to  secure  good  materials.  The  roads  are  few  on 
which  any  large  proportion  of  the  original  masonry  is  in  good  con- 
dition after  10  years.  This  is  especially  true  of  the  smaller  struc- 
tures, such  as  cattle  guards  and  open  culverts  which  are  often  so  poor 
as  to  shake  to  pieces  in  a  few  months.  The  lesson  that  the  smaller 
the  structure,  the  larger  and  better  dressed  must  be  the  stones 
composing  it,  if  it  is  to  be  durable,  is  one  which  engineers  are  slow 
to  learn. 

5.  It  is  easier  to  introduce  long  and  high  fills  afterward  to  be 
filled  by  train,  or  replaced  by  masonry  or  iron,  and  thus  to  secure 
a  better  alinement  and  avoid  rock  cutting  or  other  objectionable 
work. 

6.  A  very  large  part  of  the  total  cost  of  the  line  in  its  permanent 
form  is  postponed  for  6  to  8  years  p^st  the  trjdng  years  of 
early  operation;  thus  not  only  saving  the  interest  on  the  cost  of 
the  permanent  work  but  going  far  to  protect  the  company  from 
the  danger  of  early  insolvency,  which  has  proved  so  deadly  to  many 
overconfident  companies. 
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7.  The  only  necesssCry  disadvantages  are  the  liability  to  decay 
and  fire.  To  guard  against  the  former  is  a  mere  question  of  in- 
spection. The  danger  from  fire  is  a  real  one  and  every  year  has  its 
record  of  accidents  resulting  therefrom,  but  if  the  danger  is  real 
it  is  small.  There  are  few  such  accidents  and  those  mostly  from 
gross  carelessness.  In  proportion  to  their  niimber,  accidents  from 
iron  structures  have  been  vastly  more  numerous  and  more  fatal, 
and  the  same  is  true  in  substance  of  small  masonry  structures  where 
the  great  liability  to  washouts  is  a  serious  matter. 

The  reasons  given  above  will  apply  to-day  in  sections  where 
timber  is  cheap,  the  country  and  trafl5c  undeveloped,  and  the 
company  with  scarcely  sufficient  means  to  put  the  road  in  operation. 
In  improvements  in  alinement  and  gradients,  or  in  biulding  exten- 
sions and  branch  lines  in  a  fairly  well-developed  country  by  a 
prosperous,  well-established  company,  the  conditions  are  diflferent 
and  the  tendency  is  toward  masonry  structures  with  solid  floors 
so  as  to  give  a  continuous  ballasted  roadbed.  In  improvements 
under  heavy  traffic,  as  in  track  elevation  or  depressicMi,  grade  re- 
duction, etc.,  timber  trestles  are  usually  necessary  to  carry  the  track 
until  the  permanent  roadbed  is  completed. 

Puantities  of  Material  and  Cost  of  Wooden  Trestles.  The 
editors  of  Engineering- Contracting  from  a  carefully  prepared  and 
tabulated  bill  of  materials  for  the  Northern  Pacific  Railway  stand- 
ard wooden  trestle  deduced  the  following  formulas  for  prelimi- 
nary estimates: 

M  =  220  -H    6H  for  H  between  20  and  25 
=  240  -j-    8H  for  H  between  25  and  50 
=  240  -j-    gH  for  H  between  50  and  75 
=  240  -I-  loH  for  H  between  75  and  125 
where  M   =  feet  B.M.  in  trestle,  including  deck,  per  lineal  foot. 

H   =  average  height  from  ground  to  a  point  3J^  ft.  below  base 
of  rail. 

The  division  into  groups  is  due  to  the  construction  of  high  trestles 
in  stories,  each  story  being  about  25  ft.  The  bents  are  15  ft.  9  in. 
centers.  Each  has  four  12  by  12-in.  posts,  the  outside  posts  having 
a  batter  of  3  in.  per  foot  and  the  inside  posts  a  batter  of  i  in.  per 
foot.  The  deck  consists  of  six  9  by  i8-in.  stringers,  with  8  by  8-in. 
cross  ties  i3H-in.  centers  and  5  by  8-in.  guard  rails,  a  total  of  164 
ft.  B.M.  per  lineal  foot  of  trestle.  For  the  deck  there  are  40  lb. 
of  wrought  iron,  25  lb.  of  cast  iron,  and  25  lb.  of  galvanized  iron, 
a  total  of  90  lb.  per  1000  ft.  B.M.  of  timber,  or  15  lb.  per  lineal  foot 
of  trestle.  For  the  bents  and  braces  there  are  about  35  lb.  of 
wrought  iron  and  a  little  less  than  15  lb.  of  cast  iron  per  1000  ft. 
B.M.,  a  total  of  50  lb.  per  1000  or  0.05  lb.  per  foot  B.M.  of  timber. 
This  would  give  in  pounds: 

Iron  per  foot  of  trestle  =  15  +  0.05  (Af-164). 

If  piles  are  used  under  the  sills  as  for  the  Sante  Fe,  five  would  be 
required  for  the  heights  up  to  25  ft.  and  six  above  that  height. 
The  average  penetration  will  be  from  12  to  18  ft.,  depending  on  the 
soil,  requiring  about  20-ft.  piles. 

For  a  pile  trestle,  four  piles  per  bent,  bents  i6-ft.  centers,  with 
20  ft.  per  pile  allowed  for  penetration  and  cut  off,  lineal  feet  of 


TRESTLES  27 

piles  per  foot  of  trestle  =  (20  +  fl^)/4,  where  H  is  the  average  height 
in  feet  to  a  point  3H  ft.  below  base  of  rail. 

The  sawed  lumber  per  foot  of  trestle  =  185  ft.  B.M.  for  trestles 

under  15  ft.  high. 
=  200  ft.  B.M.  for  trestles 
15  to  25  ft.  high. 

The  iron  weighs  16  lb.  per  foot  of  trestle;  40  per  cent,  is  wrought, 
30  cast  and  30  galvanized. 

With  bridge  carpenters  at  $2.50  per  dAy  it  is  stated  that  the  cost 
for  framing  and  erection^  including  the  handling  of  the  iron,  should 
rarely  exceed  $10  per  1000  ft.  B.M.,  while  the  cost  of  driving  the 
piles  is  placed  at  7  cents  per  lineal  foot  of  pile  (not  per  lineal  foot 
of  penetration).  Freight  or  freight  and  cartage  must  be  added 
to  the  cost  of  the  material  if  delivery  was  not  included  in  the 
purchase  price. 

Steel  Trestles.  The  general  t3^e  of  construction  is  with  spans 
alternately  about  30  and  60  ft.  without  much  regard  to  height  of 
trestle;  longitudinal  bradng  is  placed  under  the  30-ft.  spans  joining 
the  vertical  bents  in  pairs  forming  towers  cai>able  of  resisting  the 
longitudinal  forces  due  to  starting  and  stopping  trains  on  the 
track.  The  open  deck  is  carried  by  plate  girders  spaced  to  support 
the  ties  on  the  upper  jQanges;  the  bents  are  in  vertical  planes  and 
the  i>osts.  batter  about  2  in.  per  foot.  Each  p>ost  rests  on  a  masonry 
pier  some  4  to  5  ft.  square  at  the  top  and  large  enough  at  the  base 
to  reduce  the  unit  pressure  on  the  foundation  to  a  safe  value. 
Anchor  bolts  are  set  to  templet  before  the  pier  is  built  and  masonry 
thus  adds  to  stability  in  the  case  of  wind  pressure  strong  enough  to 
produce  tension  in  the  post. 

The  following  formulas  have  been  given  for  weight  per  foot  of 
steel  in  terms  of  height  of  trestle: 

1.  C.  P.  Howard,  Eng.  News,  1906,  for  Cooper's  E  40  loading. 

Weight  per  foot  =    520  lb.  for  height  of  20  ft., 

e=  1200  lb.  for  height  of  60  ft., 
=  1530  lb.  for  height  of  90  ft. 

2.  The  above  values  with  20  per  cent,  added  for  Cooper's  E  50 
loading. 

3.  Editors,  Eng.-Cont.,  1907,  for  two  116-ton  engines  followed 
by  3000  lb.  per  foot,  spans  30  and  60  ft.  alternating. 

Weight  per  foot  =  600  +  12  times  height. 

It  is  claimed  that  this  has  been  used  in  estimating  the  weight 
of  many  viaducts  of  different  heights  and  has  been  found  to  give 
very  close  results  except  for  heights  as  low  as  20  to  25  ft. 

4.  H.  G.  TyroU,  Eng.  News,  1900,  for  two  engines  weighing  100' 
tons  each  followed  by  4000  lb.  per  foot.  Unit  stresses  io,odo  and 
12,000  lb.  per  square  inch. 

Weight  per  foot: 
Deck  plate  girder   =  100  -f  9  times  span, 

=  550  for  spans  of  30  and  60  ft. 
Bents  and  bracing  =  9  times  height. 
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5.  Electric  railway  trestles  for  2 5- ton  cars,  or  2000  lb.  per  lineal 
foot. 

Weight  per  foot: 
Deck  plate  girder  =30  +  5  times  span, 

=s  260  for  spans  of  30  and  60  ft. 
Bents  and  bracing  =  6  times  height. 

Ballast.  Broken  stone  ballast  is  usually  given  first  place  on 
account  of  its  durability  and  stability.  It  drains  well  and  is  but 
slightly  affected  by  weather  conditions  unless  filled  with  snow  and 
ice.  It  is  expensive  as  it  is  difficult  to  get  even  support  for  the  ties 
in  working  to  line  and  surface,  and  a  small  lift  in  track  cannot  be 
made  without  breaking  up  the  bed  under  the  ties.  The  stone  is 
broken  to  pass  about  a  aH-m,  ring  and  the  fine  material  up  to  about 
H  in.  should  be  screened  out.  By  using  two  sizes,  the  large  for 
the  bottom  and  the  small  for  the  top,  aroimd  the  ties  good  drainage 
may  be  secured  and  the  disadvantages  in  surfacing  largely  reduced. 
Granite,  trap,  many  of  the  limestones  and  occasionally  a  sandstone 
will  break  into  pieces  which  are  fairly  cubical  and  make  durable 
ballast.  Stone  which  breaks  into  flat  or  angular  pieces  is  not 
satisfactory.  Stone  ballast  should  be  handled  with  forks  rather 
than  with  shovds  to  avoid  dirt  which  interferes  with  drainage  and 
encourages  the  growth  of  weeds  besides  being  dusty.  The  cost 
varies  greatly  in  different  parts  of  the  country,  from  45  to  75  cents 

E;r  cubic  yard,  f.o.b.,  at  the  crusher,  being  a  fair  average.  The 
bor  of  placing  under  track  and  tamping  will  be  from  15  to  25 
cents  per  cubic  yard.  The  cost  of  hauling  by  train  and  dumping 
from  ballast  cars  will  depend  upon  distance,  density  of  traffic,  etc. 

Gravel  is  the  material  in  most  general  use  on  account  of  its 
wide  distribution  and  its  many  good  qualities.  The  feeling  is 
quite  general  among  railroad  engineers  that  for  ordinary  traffic 
track  it  will  keep  in  better  line  and  surface  than  broken  stone. 
As  a  mass  it  is  more  elastic,  easier  on  ties  and  rolling  stock  and  less 
noisy,  while  track  can  be  maintained  in  first-class  condition  at  less 
cost.  The  size  that  will  pass  through  about  a  iH-in.  mesh  is  con- 
sidered best,  although  a  larger  size  will  give  good  results  if  combined 
with  smaller  stone  and  coarse  sand.  Fine  sand  or  day  will  retard 
drainage  and  encourage  the  growth  of  weeds;  washing  is  sometimes 
resorted  to  with  good  results.  Camp,  in  "Notes  on  Track,"  places 
the  limits  of  cost  commonly  met  with  at  15  to  40  cents  per  cubic 
yard  in  place  in  completed  track,  10  to  15  cents  of  which  is  due  to 
handling  the  gravel  after  it  is  delivered  on  or  at  the  side  of  the 
track.  This  includes  the  labor  of  placing  it  under  the  track,  shovel 
tamping,  fiUing  in  and  dressing  off. 

Slag  and  burnt  clay  are  used  as  substitutes  for  bfoken  stone,  the 
former  when  available  at  blast  furnaces  on  accoimt  of  lower  cost 
and  the  latter  in  sections  where  broken  stone  can  only  be  obtained 
by  a  long  haul.  The  slag  is  preferred  when  poured  so  that  it  will 
spread  out  in  thin  layers.  In  this  way  it  becomes  hard  and  brittle 
and  will  break  easily.  It  should  contain  but  little  free  lime.  In 
track  it  has  about  the  same  characteristics  as  broken  stone  and  it 
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Pig.  2. — Ditch  in  dry  gravel  cut.        Fig.  3. — Ditch  in  shallow  rock  cut, 

ballast  12"  deep. 


Pig.  4. — Ditch  in  dry  earth  cut.  Pig.  S- — Ditch  in  wet  earth  or  gravel, 


ballast  6'  deep. 


12"  stone  or  gravel  ballast. 
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Fig.  6. — Ditch  for  springy  roadbed.         Pig.  7. — Ditch  in  clav  cut,  stone, 
stone  ballast.  or  cinder  ballast. 


Pig.  8. — Ditch  in  cut,  dirt 
ballasted  track. 


Pig.  9. — Section  of  earth  in  cut. 
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Pig.  10. — Section  of  earth  on 
embankment. 
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Pig.  II. — Section  of  cemening.t 
gravel  ballast  in  cut. 
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Fig.    12. — Section   of  cementing       Fig.   13. — Section  of  coarse  and  loose 
gravel  ballast  on  embankment.  graved  ballast  in  cut. 
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is  used  in  the  same  manner,  ^he  burnt  clay  is  obtained  by  burning 
gumbo  or  other  suitable  clay  free  from  sand  with  coal  slack. 

The  depth  of  rock  ballast  required  to  produce  uniform  pressure 
on  the  subgrade  with  ties  7  by  9  in.  by  8h  ft.  sp)aced  2-ft.-  centers 
is  about  24  in.  as  determined  by  experiments  on  the  Pennsylvania 
Railroad,  Proc.  Am.  Ry.  Eng.  Assn.,  191 2,  and  by  Director 
Schubert.  The  former  experiments'  also  showed  that  the  lower 
14  to  18  in.  could  be  replaced  with  cinders  without  appreciably 
affecting  the  results. 

Typical  Earthwork  and  Ballast  Sections,  as  given  by  Camp  in 
"Notes  on  Track,"  are  shown  by  Figs.  2  to  16,  inclusive. 

Ties.  The  timber  cross  tie  should  be  8  ft.  long,  with  a  tendency 
to  increase  to  8  ft.  6  in.  for  heavy  traffic.    The  usual  thickness  is 
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Fig.  14. — Section  of  coarse  and  loose 
gravel  ballast  on  embankment. 


Fig.  15. — rSection  of  stone  ballast 
in  cut. 


from  6  to  7  in.,  6H  to  7  in.  would  be  better,  while  the  minimum  face 
should  be  about  6  in.  for  pole  ties  and  8  in.  for  those  with  rectangu- 
lar section.  The  thickness  should  be  uniform  so  that  ties  can  be 
renewed  without  disturbing  the  old  beds;  differences  in  width  can 
be  provided  for  by  varying  the  spacing'  to  keep  the  bearing  area 
per  foot  of  track  constant  up  to  the  limit  for  narrow  ties  which 
would  interfere  with  tamping. 

White  oak  is  placed  at  the  head  of  the  list  of  timber  available  in 
this  country  for  durability  from  decay,  holding  spikes  and  freedom 
from  rail  cutting.    Its  life  is  from  5  to  10  years  depending  upon 

traffic  and  climate  and  to  some  extent 
upon  ballast.  Burr  or  rock  oak,  chest- 
nut oak,  and  red  oak  are  placed  in  or- 
der of  value,  the  life  of  the  last  not  being 
more  than  one-half  that  of  white  oak. 
Pine  is  next  in  importance  on  account 
of  its  abundance.  The  long  leaf  yellow 
pine  will  last  nearly  as  long  as  the  white 
oak,  the  loblolly  rather  more  than  one- 
half  as  long  and  the  southern  pitch  pine  about  a  mean  of  the  other 
two.  There  are  many  of  the  other  woods  in  use  some  of  which 
as  chestnut  and  cedar  are  durable  but  require  tie  plates  for  protec- 
tion to  secure  full  life,  while  others  as  hemlock,  elm,  etc.,  will  decay 
in  a  few  years  unless  treated.  All  ties  should  be  stripped  of  bark 
and  allowed  to  season  thoroughly  before  being  put  in  track. 
Wood  Preservation.    See  index. 

Effect  of  Zinc  Treatment  on  Spikes.  The  Third  Annual,  Report 
of  the  Board  of  Supervising  Engineers,  Chicago  Traction,  states 
that  examination  of  track  built  in  previous  years  showed  that 


Fig.    16. — Section  of    stone 
ballast  on  embankment. 
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where  screw  spikes  had  been  inserted  in  ties  treated  with  zinc  chlo- 
ride a  deterioration  of  the  spike  resulted.  The  reason  for  the  damage 
is  believed  to  be  local  chemical  and  galvanic  action  in  the  bored 
spike  hole,  which  usually  contains  water,  each  spike  hole  forming 
a  single  cell  containing  a  strong  solution  of  zinc  chloride  in  which 
the  screw  spike  is  immersed.  Free  chlorine  and  hydrochloric 
add  gases  assist  in  the  destruction.  While  there  seems  to  be  no 
imniediate  remedy  at  hand  which  might  be  applied  to  stop  or 
partially  suspend  the  deterioration  which  is  going  on  apparently 
at  all  times,  the  obviation  of  this  difficulty  in  the  future  will  be 
obtained  by  abandonment  of  zinc-treated  ties  for  ties  treated  with 
creosote.  Therefore,  specifications  have  been  revised  to  include 
only  No.  i  white  oak,  go  per  cent,  heart  yellow  pine  (both  un- 
treated) and  soft  wood  ties  treated  with  creosoting  process  only. 

Cattle  Guards.  A  wooden  slat  guard  used  on  the  Illinois  Central 
Railroad  is  shown  in  Fig.  17.  It  is  made  of  3  X  4-in.  oakslats, 
put  together  in  four  sections,  each  held  by  three  H-in.  bolts.     Eadi 


Fic.  17.— Wooaen  surface  cattle  guard. 
section  is  held  down  at  the  end  with  a  piece  2  by  6  in.  beveled  to 
correspond  with  the  bevel  »M:  the  end  of  the  slats;  that  at  one  end  Js 
spiked  and  that  at  the  other  held  by  lag  screws  for  convenience  in 
removal  for  repairs  or  track  work.  The  ballast  should  be  par- 
tially removed  between  the  ties,  so  that  the  slats  will  not  have  the 
appearance  of  asoUd  support.  Camp  advocates  a  length  of  at  least 
1 5  ft.  as  being  more  effective  in  turning  ranch  stock  than  the  length 
of  9  to  10  ft.  in  common  use.  Whitewashing  the  guard  and  the 
guard  fences  so  as  to  give  opportunity  for  stock  to  turn  aside 
rather  tJian  to  walk  into  a  pocket  will  increase  the  effectiveness 
of  the  guard.  Metal  guards  of  various  patterns  are  also  in  use.  The 
cost  of  wooden  guards  ready  for  use  is  from  (15  to  about  S30,  de- 
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pending  upon  length  and  size  of  slats.  The  cost  of  metal  guards 
of  sufficient  strength  to  be  durable  would  be  somewhat  greater. 
To  this  must  be  added  cost  of  placing  and  the  cost  of  the  fencing. 

Fences.  The  American  Railway  Engineering  Association  Manual 
gives  specifications  for  three  classes  of  smooth  wire  fences  4H  ft. 
high  with  wooden  posts.  Preference  is  given  to  smooth  wire,  but  if 
barbed  wire  is  used,  a  heavy  smooth  wire,  or  a  plank  at  the  top 
of  the  fence  is  recommended.  For  the  three  classes  of  smooth 
wire  fence,  galvanized  No.  9  gage  is  used  throughout  except  for 
the  top  and  bottom  longitudinal  wires  of  Class  i  which  are  No.  7 
gage.  The  longitudinal  wires  are  all  coiled;  the  spacing,  commenc- 
ing at  the  bottom,  is  Class  i:  3,  4,  5,  6,  7,  8,  9  and  9  in.;  Class  2: 
St  6^,  7H,  9f  10  and  10  in.;  Cla^  3:  14,  14  and  14  in.  The 
bottom  wire  is  to  be  placed  above  the  ground  3,  6  and  12  in., 
respectively,  for  the  three  classes.  The  stay  wires  are  spaced 
12,  22  and  22  in.,  respectively.  Intermediate  posts  are  to  be  8 
ft.  long  and  not  less  than  4  in.  in  diameter  at  the  small  end,  and 
end  posts  9  ft.  long  and  8  in.  in  diameter;  round  posts  are  pre- 
ferred. The  posts  are  to  be  set  with  the  large  end  down«  the  end 
posts  4  ft.  deep  and  the  intermediate  ones  3  ft.,  with  spacing  from 
16^  to  33  ft.,  depending  upon  the  nature  of  the  ground  and  the 
service  required.     Gates  are  necessary  at  farm  or  private  crossings. 

In  Bulletin  No.  144  of  the  Railway  Engineering  Association,' 
it  is  stated  that  the  tendency  to  use  reinforced  concrete  posts  is 
increasing  and  that  the  figures  prevailing  for  the  most  popidar 
form  now  on  the  market  are  from  18  to  22  cents.  The  prevailing 
cost  for  wood  posts  of  the  most  durable  kinds  of  timber  native  to 
the  road  is  from  12  to  15  cents.  Several  forms  of  metal  posts 
are  being  made,  and  it  is  claimed  by  a  large  manufacturer  that 
they  will  have  a  life  of  at  least  30  years  and  can  be  delivered  at 
reasonable  distances  for  23  cents  f .o.b.  Une  of  road. 

Camp,  Track,  estimates  that  under  average  conditions  the  labor 
of  building  a  mile  of  barbed  wire  fence  four  strands  high,  posts 
16  ft.  apart,  is  about  13  days  work  (lo-hr.  day);  with  posts  12  ft. 
apart,  16  days;  with  top  board  and  four  wires,  posts  12  ft.  apart, 
18  days.  For  a  fence  with  a  different  number  of  wires  allow  about 
8  hours  labor  for  each  wire.  Experienced  fence  men  working  by 
contract  will  build  about  50  per  cent,  more  fence  per  day  than  the 
same  number  of  ordinary  track  laborers  engaged  on  the  work  only 
a  short  time  each  season.  The  average  cost  for  labor  in  erecting 
22  miles  of  Page  woven  wire  fence,  posts  17  ft.  apart  and  set  3 
to  3H  ft.  in  the  ground,  was  17.2  cents  per  rod  as  shown  by  the 
report  of  the  fence  gang  of  a  certain  railroad.  The  surface  was 
generally  rough  and  uneven  and  a  great  many  anchor  posts  had 
to  be  used.  The  cost  stated  covered  the  labor  of  loading  and 
unloading  new  material,  removing  the  old  fence  and  piling  or  burn- 
ing it,  and  the  time  used  in  moving  the  fence  gang  from  point  to 
point. 

Snow  Fences.  Where  much  trouble  is  experienced  from  drifts 
ing  snow,  snow  fences  have  been  extensively  used  to  protect  cuts 
and  other  places  where  snow  accumulates.  These  snow  fences 
may  be  installed  permanently  or  may  be  made  of  the  portable 


FENCES,  STREET  RAILWAY  ROADBED 


ty[)e.    The  standard  portable  snow  fence  of  the  New  York  State 
Railways  is  shown  in  F^.  18,  from  the  Electric  Railway  Journal, 


StTMt  RAilway  Roadbed  Construction.  The  construction  of 
roadbed  in  lughways  must  necessarily  differ  materially  from  con- 
struction on  private  right  of  way  and  3,i  the  conditions  as  to  high 
way  trafBc,  pavement  etc  vary  so  widely  it  is  not  possible  to 
standardize  such  construction  to  so  great  an  extent  as  has  been 


ii^iip^^.g^^aia^ 


■^^^ 


done  in  the  case  of  the  private  right  of  way  roadbed  Figs  19 
to  40,  includve,  illustrate  roadbed  construction  in  streets  as 
practised  by  various  electnc  railways  including  construction  with 
wood  ties  on  ardipary  ballast  m  unpaved  streets  as  well  as  various 


Pig.  aa — Staodard  construction,  San  Francisco. 
forms  of  ties  and  concrete  base  construction  in  various  forms  of 

eving.  For  paved  streets  the  type  of  substructure  which  is  pie- 
red  by  the  lai^est  number  of  companies  seems  to  be  a  regular 
ballasted  construcdon  with  broken  stone,  gravel,  slag  or  cinder 
ballast  6  to  8  in.  deep  under  the  ties.  Drains  are  sometimes 
provided  under  each  track  or  between  tracks.    This  is  used  both 
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FlO.  34. — Standard  constructwit  Seattle 


CrrV  TRACK  CONSTRUCTION 


Fic.  a6. — Stanc 


Pig.  ST.— Standard  of  Ulim 


Pig    i&r— StoDdaid  conitruction,  St.  Louia. 
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Doable  Tnick 
,  lO^gL.  to  O.L^|V-- .- '^'^^i" 


Fig.  31. — Concrete  construction,  Houston. 


*1  .5W1 


•-•'■•-••..■:-.T-.;, 


:*v.*«v 


Fig.  32. — T-raU  construction,  Memphis.  . 


Fig.  33. — T-rail  construction,  Dallas. 


Fig  34. — Standard  construction,  Toledo. 


,      -    — r—    .  Cement  Grout  1:2 
5  to  Oase  Line    !       /  , 

A* — jA 4  8 


Fig.  35. — Girder  rail  construction,  Dallas. 
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10  Tcaek  Onton- 


FxG.  36.— -Standard  construction,  Minneapolis. 
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FlO.  37.— Standard  construction,  NewBili,  N.  J. 


G.  38— Standard  conslrui 


k-Tl0!i"T™!!.^tBi 


Fio.  39- — Ballast  construction,  ChicaEo. 


Fig.  40. — Standard  construction,  Buffalo, 
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with  and  without  a  paving  base.  .The  type  of  substructure  at 
present  next  to  the  above  in  preference  and  use  appears  to  be  a 
solid  concrete  construction  either  with  steel  ties,  4-ft.  centers,  or 
wood  ties,  2 -ft.  centers,  and  concrete  4  to  8  in.  under  the  ties, 
extending  up  between  the  ties  to  provide  a  paving  base.  The 
tendency,  however,  is  to  leave  the  type  with  a  soUd  concrete  founda- 
tion and  rails  fastened  to  it,  for  more  flexible  types.  The  reduction 
of  noise  is  a  factor  as  well  as  the  maintenance  of  track,  pavement 
and  equipment.  A  type  of  substructure  which  has  recently  come 
into  use  is  that  with  the  ties  resting  on  2  to  3  in.  gravel  or  broken 
stone  on  top  of  a  6-in.  concrete  slab;  a  concrete  paving  base  being 
provided  between  and  over  the  tops  of  the  ties. 

Characteristics  of  Track  Constructioa  in  Paved  Streets.  The 
figures  on  pages  33  to  37,  inclusive,  the  tables  on  pages  38  to  41, 
inclusive,  as  well  as  the  following  from  Electric  Railway  Journal, 
1913,  show  details  of  the  track  construction  in  paved  streets  in  a 
number  of  North  American  cities. 

Characteristics  of  Track  Construction  in  Paved  Streets 


City 

Roadbed  under  ties 

Ties 

Spac'g 

Kind 

Size 

Baltimore 

d"  ballast  under  ties 

2'^" 

Wood 

a'XS'XS' 

Birmingham. 

6*  1 :3 :6  slag  concrete. . . 

z'aT 

Creosoted 
pine. 

6''X8-'X7'6' 

Boston 

t"  trap  rock — 1:2:5  con., 
width  3H*t  cr.-r'kcush- 

2'0' 

Long-leaf 

6'X8'X8' 

pine. 

Buffalo 

ion. 
8"  1:3:5  grav. — concrete 
with  1"  sand  cushion. 

2'0' 

Long-leaf 
pine. 
Yellow  pine 

6'X8'X7' 

Chicago 

8'  crushed-stone  ballast. 

2'0' 

6'X8'X7' 

&    creo- 

* 

soted  oak. 

Cincinnati... . 

6'  1:3:7  rock  cone,  4' 
farm  drain  in  center.  ' 

2'0' 

White  oak.. 

6'X8'X8' 

Cleveland. . .  . 

6*  1 :6  gravel  cone,  under 
tie  &  1 2'  under  rail. 

4'o' 

Carnegie 

steel. 

6'6'  long 

Dallas 

d"   1:7  gravel  concrete, 
6"  1 :3 :6  rock  concrete. 

3'0' 

Hd.     pine, 

drop  anchs. 

ev.  2d  tie. 

6'X8'X7' 

Detroit 

8*  1:2:4  grav.  cone,  i* 
san^  cushion  under  ties 

3'o' 

White  oak. 

6'Xio'X6'8' 

Harrisburg . . . 

(>"  cr.  r'k  ballast  under 
ties. 

3'o' 

Chestnut. . . 

6*X8'X7'6' 

Houston 

6*  1:3:6  rock  concrete. . 

S'o' 

Pecky    cy- 
press. Anc. 
Set.  ties. 

6*'X8'X7' 

111.  Trac 

8*  grav.  ballast 

2'0' 

Creo.  white 
oak. 

6'X8»X8' 

Indianapolis. . 

6*  to  10'  1 :2H:s  .gravel 
concrete  under  ties. 

2'0' 

White  oak. 

6'X8'X8' 

Kansas  City. . 

8'  to  12'  crushed  rock 
ballast  under  ties.  Tile 
drain. 

20' 

White  oak. 

6'X8'X8' 

Little  Rock  . . 

6'  crushed  stone 

2'0' 

Creosoted 
pine,  sawed 
Steel    ties, 

6'X8'X8' 

Louisville. . . . 

6^^   crushed  stone  con- 

2' 

4H'X6'6' 

crete. 

oak  ties. 

6'X8'X8'. 

Los  Ansreles. . 

20* 

Redwood. . . 

6'  X  8'  X  8' 

Milwaukee. . . 

6*  No.  4  crushed  rock 
and  3?i*  No.  2  crushed 

2'0' 

Long-leaf 

6'X8'X7' 

yel.    pine. 

rock. 

wh.  oak. 

Memphis 

6'  crushed  rock  concrete 

S'O' 

Creo.   pine 
ties. 

6'X8'X8' 
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Characteristics  of  Track  Construction  in  Paved  Streets 


Ties 

City 

Roadbed  under  ties 

Spac'g 

1        Kind 

1          Size 

Minneapolis. . 

6*  rock  ballast  with  2" 

gravel  under  ties. 
8*   1:3:6  rock  concrete. 

2'0* 

Oak  or  pine 
creosoted. 

d'XS^XS' 

Montreal 

2'0*' 

Pine    and 

6'X8''X8' 

i'  sand  cushion  under 

cedar. 

ties. 

Newark 

6*  crushed  rock  or  slag 
under  ties. 

2'o'' 

Long-leaf 
pine,  creo- 
soted. 

6'X8'X8' 

New  Haven. . 

Natural  p^avel  ballast 
in  subsoil. 

2'o'' 

White  oak 
and  chest- 
nut. 

6''X8''X8' 

Philadelphia . 

18" X  10*'  concrete 

4'o'' 

Cast-iron 

stringer. 

chair 

Pittsburgh. . . 

8'  stone  ballast  under 

2'0' 

6'X8'X8' 

ties. 

Por  1 1  a  nd . 

6'  to  8'   gravel  ballast 

2'0'' 

Fir 

7'X9''X8' 

Ore. 

under    ties    with    tile 
drain. 

6'Xio*'X6' 

Richmond. . . . 

6'  concrete 

8'o' 

Carnegie . . . 

4W'X6'8' 

Seattle 

6*  1:4:7  concrete 

18*' 

Washington 
fir. 
Redwood... 

6'X8'X7' 

San  Francisco 

9'  stone  ballast  under 

3     * 

.     6'X8'X8' 

ties. 

St.  Louis 

6*  I  :  3H  :  6H  rock  con- 
crete under  ties. 

White  oak. 

6-'X8»X8' 

Springfield. . . 
Toledo 

9*  X  22''  concrete  beam 

r'o' 

Steel 

4H'X6'8' 

6'  1 :4:6  concrete  and  3 

2'0' 

Sawed  white 

s'xs'x?' 

stone  ballast.    . 

oak.  • 

Toronto 

6'or  7H'  1 :3;7  rock  con- 

S'o' or 

Carnegie 

7*  long 
6' X  8^X8' 

crete  under  ties. 

2'6' 

steel,  cedar 

&  pine. 

Vancouver. . . 

6'  1:3:6  gravel  concrete, 
l'  sand  cushion  under 

2'0' 

Fir 

6'X8'X8' 

• 

ties. 

Winnipeg. . . . 

3*crushed  stone.  6'  1:3:5 

2'0» 

Fir 

6*  X  8*  X  8' 

concrete  under  ties 

Washington . . 

S'  crushed  rock 

30' 

Chestnut. . . 

6'X8'X8' 

Characteristics  of  Track  Construction  in  Paved 

•  — Continued 


Streets: 


Rail 

Joints 

City 

Type 

Wt. 

Type 

Drill'g 

Lgth. 

Bolts 

Baltimore. . .  . 

9'  &  7"  gird, 
groove 

103 

Rivcted-welded 

lo-hole 

32* 

i'  rivets 

Birmingham  . 

7'  T-rail 

80 

Continuous .... 

4-hole 
None 

24' 

H' 

Boston 

9'  girder 

132 

Electric-welded 

None 

7"  girder 

116 

BuflFalo 

9"  girder 

groove 
9*  girder 

124 

Continuous. . . . 

4-hole 

24' 

I' 

Chicago 

129 

Electric-welded 

None 

None 

groove 
gr  girder 

groove 
7*  T-rail 

Cincinnati. .  . 

140 
95 

Cast  welded. . . . 

13' 
30* 

Cleveland. . .  . 

Clark   joint.... 

8-hole 

iH' 

Dallas 

7'  T-rail 

7'  girder 

groove 

7^  T-rail 

80 
103 

Continuous. . . . 

6-hole 

26' 

I" 

Detroit 

91 

Cast  welded. . . . 

None 

None 

Harrisburg. . . 

p*  tram 
A.S.CB. 

125 

Continuous. . . . 

6-hole 

26' 

^i' 

Houston 

80 

Bonzano     con- 

6-hole 

26' 

I-' 

7'  T-rail 

80 

tinuous 

6-hole 

26* 

i» 

111.  Trac 

A.o.CiS. 

—22 

Continuous 

6-hole 

26' 

li' 
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Characteristics  of  Track  Construction  in  Paved  Streets. 

— Continued 


City 

Rail 

Joints 

Type       1  Wt. 

Type          1 

Drill'g  1 

Lgth. 

Bolts 

Indianapolis 

7'  T-rail 
9*  tram 

01 

Cast  welded  and 

None 

95 

continuous 

Kansas  City  . 

A.S.C£<. 
9"  Trilby 

100 
109 

Continuous 

4-hole 

24' 

I' 

Little  Rock.. . 

6'  T-rail 

72 

Angle-bar  con- 

6-hole 

34' 

r- 

7*  tram  mrd. 
9'  Trilby 

tinuous 

4-hole 

24' 

Louisville. . . . 

106 

Bars 

I' 

but.  h'd 

Los  Angeles. . 

9'  Trilby 
^y^''  T-rail 

116 

Continuous  and 

87 

thermit 

Milwaukee. . . 

7'  T-rail 

95 

Cast  welded  and 
bar 

6-hole 

2%' 

iH' 

Memphis. . . . 

T  and  7' 
Trilby 

80 
105 

Cast  and  bar. . . 

8-hole 

34' 

I' 

Minneapolis. . 

1"  T-rail 

91 

Cast  welded... . 

x-hole 

None 

Montreal. . . . 

7'  Trilby 

116 

Continuous 

6-hole 

26' 

I' 

Newark 

7*  Trilby 

116 

Bonzano     con- 
tinuous 

4-hole 

24' 

H" 

New  Haven. . 

7'  T-rail 

95 

Continuous  bar 

4-hole 

24' 

H" 

9"  girder 

grooved 

9^  Trilby 

125 

i2-hole 

32' 

Philadelphia  . 

141 

Nichols  joint... 

None 

1"  rivets 

Pittsburgh. . . 

9*  Trilby 

125 

Bars  with 
reamed  holes 

•  •••■••• 

Machin'd 

Portland, 

n"  groove 

95 

Continuous. . . . 

4-hole 

24' 

I' 

Ore. 

7"  T-rail 
6'  T-rail 

80 
72 

Richmond.. . . 

9"  girder 

groove 

7*  T-rail 

114. 

Electric  weld. . . 

* 

Seattle 

90 

Continuous. . . . 

6-hole 

26' 

I' 

San  Francisco 

9'  Trilby 
9*  T-rail 

106 
100 

Bars 

6-hole 

26' 

i' 

St.  Louis 

Nichols  joint. . . 

n"  Trilby 

132 

Springfield. . . 
Toledo 

n"  T-rail 

70 

Continuous 

6-hole 

26' 

w 

6"  Dudley 

100 

Angle  bars 

A-hole 
o-hole 

24' 
26' 

I' 

Toronto 

7"  T-rail 

90 

Continuous .... 

I' 

n"  T-rail 

80 

Continuous. . . . 

6-hole 

26' 

1' 

Vancouver. . . 

7'  T-rail 

91 

Continuous. . . . 

6-hole 

26' 

1' 

Winnipeg 

7'  T-rail 

80 

Continuous. . . . 

6-hole 

26' 

1' 

Washington... 

A.S.C.£. 

titan. 

80 

Continuous .... 

,6-hole 

30* 

w 

Characteristics  of  Track  Construction  in  Paved  Streets. 

— Continued 


Rail  braces 

City 

Spikes 

Bonds 

Tie  rods 

and 
tie  plates 

Baltimore 

Screw 

None 

^6^X2',  6' 

centers. 

Tie  plates. 

Birmingham.. . . 

He'  X  SH" 

Com.  ter.  and 
ball. 

None 

Tie  plate  and 
rail  brace 
6'8' 

Boston 

H'  XH"  X' 

None 

i'r'd&2Vi»X 

Tie  plates  on 
all  ties. 

tyi"  screw 

i?ia'  flat.  5' 

centers. 

Buffalo 

Screw  H"  X 

2-4/0       com- 

M«'X2'. 6' 

Plates  on  all 

H'X6H'' 

pressed  term'l. 

centers. 

ties. 

Chicago 

Screw    H'  X 

None 

Me'X2-'.6' 

Tie  plates 

^'X6H'. 

centers. 

H'X6'Xio' 
Rail  brace  at 

Cincinnati 

Ht^xsH' 

None 

None 

fourth  tie. 

Cleveland 

Bolt  and  clip 

None 

H'X2'.s' 
centers. 

None. 

CITY  TRACK  CONSTRUCTION 
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Characteristics  op  Track  Construction  in  Paved  Streets. 

— Continued 


City 

Spikes 

Bonds 

Tie  rods 

Rail  braces 
and  tie  plates 

Dallas 

Mfl'XsW 

2— o'f!Town  pin 

None 

Brace  plates 
every    third 

tie. 

Detroit 

Hi'XSH' 

None 

H'XiW'.  6' 
centers. 

None. 

Harrisburg 

Hd'XsH" 

Comp'dterm'l 

H''X2',io' 

centers. 

None. 

Houston 

Screw 

2-4/0  pin 
driven. 

None 

Railbrace 
every  lo'o*. 

111.  Trac 

M«'xsH* 

Comp.  term. 

None 

None. 

Indianapolis. . . . 

9i«'Xs' 

Brazed   and 
comp.  term'l. 

H'X2' 

None. 

Kansas  City... . 

^•'XSW 

Comp.  term'l. 

H*  round. . . . 

Tie       plates 

Screw  %'X 

and  soldered. 

with    screw 

l^^' 

spike. 

Little  Rock 

M«'XsH' 

2-4/0  sold'r'd 

None 

None. 

Louisville 

M«'XSV4' 

3  flexible,  com- 
press'd  term'l 

Plat.  2'XH' 
&  yk"  round. 

None. 

Los  Angeles. . . . 

Mo'X  sH' 

Every  fourth 
tie. 
None. 

Milwaukee 

H'XW 

2'XM«'.  6' 

Screw 

centers. 

Memphis 

9i«'Xsyi' 

Com.  ter.  and 
brazed. 

H'  round. . . . 

None. 

Minneapolis. . . . 

M«'XSH' 

None 

centers. 

None. 

Montreal 

^^"XSW 

Electric 
brazed. 

»M6'    rod,  6' 
centers. 

None. 

Newark 

Mfl'X  sH* 

Comp.  term'l. 

None 

Tie  plates  on 
every  2d  tie. 

New  Haven 

M«'X'sH' 

None 

Only  on 

curves. 

Philadelphia. . . . 

Bolt  and  clip 

None 

None 

None. 

Pittsburgh 

^t'xsW 

Comp.   term'l 
&ther.  welded 

H''X2* 

Portland,  Ore. . . 

^t'Xsyt" 

Comp.   term'l 

None 

None. 

Richmond 

Lugs  and  T- 
bolts. 

None 

None 

Tie  fast,  and 

rail  brace. 

Seattle 

fiu'X  SM' 

4/0  &  soo.ooo 

On   curves   8' 

6    8'Xio'X 

cm.,  sold'r'd. 

cen.    At    j'ts 
30*  cen. 

9i'  at  joints 
only. 

San  Francisco.. 

?1«'XSH' 

H"  comp.  ter. 

W    rod,     10' 

None. 

St.  Louis 

Screw 

None 

cen. 

H'     rods,     6' 
cen. 

Tieplate 
with     screw 

Springfield 

Toledo 

Lugs  &  bolts 

^•''X^SH' 
Bolt  and  clip 

^U'XsVt'^ 

None 

i-8'',4/o,braz. 
Electric  weld- 

None  

None 

7'  rods,  6' 

spikes. 
None. 
None. 

Toronto 

None. 

ed  on  railhead 

centers. 

Vancouver 

^••X  SV4' 

Comp.   term'l 
and  soldered. 

WX2\    6' 
centers. 

None. 

Winnipeg 

^t'xsW 

4/0     soldered 
to  rail  head. 

None 

None. 

Washington. . . . 

Me'XSH'  • 

2-4/0      pin 
terminal. 

iW'XH'.... 

None. 

T-rail  Sections.  The  American  Society  of  Civil  Engineers 
and  the  P.  M.  Dudley  sections  have  probably  been  most  used  in 
steam  railroad  construction.  The  former  is  shown  in  Fig.  41 
and  the  latter  in  Fig.  44,  while  the  Standard  P.  S.  section  is  shown 
in  Fig.  45  for  a  loo-lb.  rail.  For  the  first,  42  per  cent,  of  the 
material  is  in  the  head,  21  per  cent,  in  the  web  and  zi  P^^  c^^^* 
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Standard  T  Rails 
(Letters  refer  to  Figs.  41,  42,  43) 


•da 


o  ^ 


100 

95 
90 
85 
80 

75 
70 

65 
60 

55 

50 

45 
40 


B 


^ 


^ 


to 

a  « 


o 


0) 


W 


o 


Percentage 
o(  metal 


•d 

ct 


U3 


i 

n 


C 

6 

o 


American  Society  of  Civil  Engineers 

SW 

sH 

2H 

W« 

I*H4 

3^4 

•Ha 

43 

31 

37 

43.8 

3 

.8 

SHb 

Sht 

31  H« 

Mb 

1*^4 

3«H4 

»Me 

43 

31 

37 

38.6 

3 

.7 

sH 

sH 

3H 

Me 

i»Ma 

3*^4 

»^64 

43 

31 

37 

34-0 

3 

5 

5M» 

5M« 

3!He 

Me 

I»H4 

314 

»H4 

43 

31 

37 

30.0 

3 

.5 

5 

5 

3^ 

»H4 

iH 

3H 

H 

43 

31 

37 

36.2 

3 

•4 

4»Me 

4»M6 

2iWa 

»%a 

im* 

3SH4 

»Ha 

43 

31 

37 

33.9 

3 

•  4 

4H 

4H 

3M« 

»H4 

i»Ha 

3iHa 

»Me 

43 

31 

37 

19.6 

3 

.3 

4H« 

4^6 

3»Ha 

Vi 

1^8 

3H 

«Ma 

43 

3Z 

37 

16.9 

3 

.3 

4^4 

4H 

3H 

»H4 

iHa 

3»%4 

*H* 

43 

3Z 

37 

14. s 

3 

.1 

4He 

4H« 

3H 

'^a 

iHi* 

3»H4 

»Ha 

43 

31 

37 

11.9 

3 

.0 

3% 

3H 

3H 

Me 

iH 

3He 

»He 

43 

31 

37 

9.8 

I 

.9 

3^  Me 

3»H« 

3 

a^/^4 

iHe 

I«H3 

>Ha 

43 

21 

37 

8.0 

I 

.8 

3H 

3H 

iH 

«H4 

1^4 

I«H4 

W 

43 

21 

37 

6.6 

I 

.7 

American  Railway  Engineering 

Association — Series  A 

100 
90 
80 

6 

sH 
5H 

5H 
5H 
4H 

2H 

3Me 

3H 

Me 
Me 

»H4 

iMe 

i»Ha 

iMe 

3H 

3Ha 

2»H2 

iMe 
'•Ha 

36.9 
36.3 
38.8 

33.4 
34.0 

31.0 

39.7 
39.8 
40.3 

48.94 
38.70 
38.80 

3.75 

3.54 
3.31 

60 

494 
4H 

4M 
4 

3  H 

3  M 

»Ha 

i>Ha 

11^4 

2\h 
22H4 

«Ma 
»Me 

39.3 
37.7 

3Z.8 
34.1 

38.9 
38.3 

31.05 
15.41 

3.30 
3.13 

American  Railway  Engineering  Association — Series  B 


100 

90 
80 

5*H4 

51^4 

4^ie 

SW4 
4*H4 

4Me 

33Ha 
3Me 

3Me 

It: 

»H4 

1*^4 
18^4 

i»Ha 

3«H4 

3»9ia 

I  Ha 

I 

40.3 
40.1 
38.8 

19.3 
19.3 
19.5 

40.6 
40.7 
41.7 

41.3 
33.3 
35.1 

3.63 
a.  45 
3.37 

70 
60 

4»^4 

4Me 

4H4 

2H 
2\i 

•944 
»H4 

I«964 
IH 

3»^4 

2He 

6%4 

H 

40.1 

38.8 

19. 5 

19.4 

40.4 

41.8 

18.6 
13.3 

3.16 
1.95 

in  the 


Pig 
Figs 


base.    The  height  and  width  of  base  are  the  same,  while 

for  the  other  types  the  height  is 
U C ^  greater.    This  is  an  advantage  in  roll- 

ing, as  the  base  will  not  cool  so  rapidly 
with  reference  to  the  head,  but  the 
ties  will  be  cut  more  rapidly  owing  to 
the  reduced  bearing  and  greater  lever- 
age under  side  thrust  unless  tie  plates 
are  used.  The  head  is  thin  and  wide 
on  each  to  maintain  more  equal  tem- 
peratures in  the  different  parts  in  roll- 
ing and  to  reduce  the  unit  pressure 
between  wheel  and  rail.  The  recent 
tendency  has  been  to  thicken  the  base 
still  further  to  equalize  temperature 
in  rolling. 

.  41,  42  and  43  and  the  accompanying  table  show  the  various 

E.  and  A.R.E.A.  standard  T-rail  sections. 


41. — A.S.C.E.  rail 
section. 


RAIL  SECTIONS 
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In  order  to  provide  sufficient  depth  between  the  street  surface 
and  top  of  tie,  in  street  railways,  it  may  be  necessary  to  employ 
a  high  section  of  rail.  The  Am.  El.  Ry.  Eng.  Assn.,  1909,  rec- 
ommends for  T-sections  the  rails  shown  by  Fig.  46  to  be  used  where 
the  type  of 
p  a  V  e  m  ent 
will  permit 
(as  in  mac- 
adam  or 
other  shal- 
low p  a  V  e- 
ment) ;  for 
the  heavy 
service  in 
c  o  nnection 
with  deep 
pavements, 
a  section  as 
shown  by 


Fig.  42. — ^Am.  Ry.  Eng.  Assn. 
series  A  rail  section. 


Pig.     43-— Am.     Ry.    Eng. 
Assn.  series  B  rail  section. 


Fig.  47,  weighing  about  100  lb.  per  yard;  and  for  light  service 
with  deep  pavements,  a  section  as  shown  by  Fig.  48,  weighing 
about  80  lb.  per  yard. 

Girder  Rail  Sections.  The  Am.  El.  Ry.  Eng.  Assn.  recommends 
the  use  of  girder  rail  for  track  construction  for  heavy  ser- 
vice  in    connection    with    deep    block    pavements    on    streets 

where  traffic  is  confined  to  the 

1^.""     ^i'^""'-  ^ _     railway  strip  or  where  the  rail- 
way strip  is  continually  used  by 


Fig.  44. — ^P.  M.  Dudley  loo^lb.  rail 
section. 


Fig.  45. — Pennsylvania  system  100- 
Ib.  rail  section. 


vehicles,  which  conditions  exist  only  in  cities  of  the  largest 'class. 
The  Association  in  19 13  adopted  as  standard  for  such  rails  the 
following  sections:  the  9-in.  girder  grooved  rail  shown  by  Fig.  49; 
the  9-in.  girder  guard  rail  shown  by  Fig.  51 ;  the  7-in.  girder  grooved 
raU  shown  by  Fig.  50;  and  the  7-in.  girder  guard  rail  shown  by  Fig. 
52.    At  the  same  time  the  Association  adopted  as  recommended 
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If Tk^.-Ji 


'  A.  ^  ^ 


i  ft  !>   1  n 

*      ■     iL 

Li-t. 


Series  i. 


^ 


Type  of  rail 


Series  i 


I 


Series  2 


Weight  per  yard. 
Height  A 

B 

C 


Width  of  head  E... . 
Thickness  of  web  F . 
Width  of  base  G. . . . 


H. 

k. 

L. 


M. 


Area  of  head,  sq.  in. . 
Area  of  web,  sq.  in. . . 
Area  of  base,  sq.  in.. . . 

Total  area,  sq.  in. . . . 
Area  of  head,  per  cent. 
Area  of  web,  per  cent. 
Area  of  base,  per  cent. 
Moment  of  inertia. . . 


80 

2.31' 
2.82'' 


3.0s 

1. 6s 
3.16 

7.86 
38.8 

21.0 

40.2 
28.80 


90 

I' 

3W2' 

I»H2' 
2^16' 

2.54' 

%" 

3.09' 


3-20 
2.12 
3.  SO 

8.82 
36.2 
24.0 
39.8 
38.70 


100 

6' 

a.  75* 
\W 

3.25' 


3.64 
2.29 
3.91 

9.84 
36.9 
23.4 
39.7 
48.94 


80 
4*  Mo' 
I' 

2»H2' 

2^6' 

»^4' 
4H«' 

2«M28' 
*964' 

2«M28' 

2IH2' 
3.07 

I.  54 
3.30 

7.91 
38.8 

19. S 

41.7 


90 

5»J€4' 

I  Ha' 

2H' 

I»W4' 

2M«' 

^•' 

4*9«4' 

2»M28' 
*H4' 
»H4' 

21^2' 

3S6 
1.70 
3.61 

8.87- 
40.1 
19.2 
40.7 
32.3 


100 

5*^4* 

IH4' 

2»H4' 

1*^4' 

2>Ha' 

916* 
SH4' 

2H' 
*H4' 
»H4' 

3W4' 

2^6* 
3.95 
1.89 
4-01 

9.8s 
40.2 
19.2 
40.6 


Fig.  46. — Am.  El.  Ry.  Eng.  Assn.  T-rail  sections  for  use  in  macadam  or 

other  shallow  paving. 

designs  the  joint  plates  for  use  with  the  9-in.  girder  rails  as  shown 
by  Fig.  53,  and  for  the  7-in.  girder  rails  as  shown  by  Fig.  54.  The 
9-in.  girder  grooved  and  girder  guard  rail  sections  shown  in 
Figs.  49  and  51  will  fish  with  P.  S.  Co.,  Sees.  125-273  and  151- 
283  andL.  S.  Co.  Sees.  125-427,  132-440  and  150-441. 

Grooyed  Rail  Section  for  M.C3.  Flanges.  Fig.  55  shows  a  127- 
Ib.,  7-in.  grooved  rail  section  which  was  designed  for  use,  on  the 
lines  of  the  Pacific  Electric  Railway  in  order  to  permit  movement  of 
M.C.B.  equipment  over  tracks  in  paved  streets. 

Special  Rail  Head  Section  for  Curves.  Special  rails  for  curves 
have  been  designed  mainly  to  give  additional  metal  available  for 
wear.  The  Manning  rail,  tried  some  years  ago  on  the  Baltimore 
&  Ohio  R.  R.,  had  H2  in.  of  additional  metal  on  the  inner 
side  of  the  head  and  Ha  in.  less  on  the  outer  side.    The  special 
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iio-lb.  raUof  the  Lehigh  Valley  R.  R.  has  the  head  slightly  wider 
and  considerably  deeper  than  that  of  the  standard  -  laiL  The 
special  feature  of  the  so-called  "Frictionless"  rail  (Fig.  56)  is  a  very 


[G.  48. — Am.  El.Jty.  Eng.  Assn. 
Bo-lb.,  7-io.  T-rail. 

head,  and  its  purpose  is  to  reduce  the  slip  of  the  inside 


a  a  dinuDution  of  friction  and  resultaitt  i 


girder  grooved  is 


aad  inner  (frictionless)  rails  and  the  wheel  flanges,  while  the  re- 
duced friction  gives  a  freer  and  smoother  passage  of  the  wheels. 
wiUi  a  reduction  in  power  required  to  handle  a  given  tonnage. 
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rail  used  being  from  1 16  to  4S3  tt.  The  rail  weighs  79!^  lb.  per 
yard  and  is  used  with  the  Ss-lb.  A.S.C.E.  section.  Both  are  of 
open-hearth  steel,  treated  with  feixo- titanium,  with  chemical  com- 


PlG.  S3. — Joint  plates  tar  Am.  El. 
Ry.  Bnc-  Anin.  g-in.  giidei  nils. 
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0.65  to  0.90  p«r  cent.;  metallic  titanium,  o.io  per  cent-i  sulphur, 
0.03  to  0.05  per  cent.  Information  as  to  the  Eervice  is  from  H, 
M.  Steward,  Chief  Engineer  of  Maintenance  of  Way.  On  account 
of  the  short  length  of  these  curves  it  has  not  been  possible  to  obtain 
accurate  tests  as  to  the  increase  or  decrease  in  power  consumption 
used  by  a  train  in  going  around  the  curves,  but  it  is  known  that 
less  power  is  required  than  when  the  curves  were  laid  with  the  85- 
Ib.  rail.  In  some  instances  where  power  was  required  to  pass  a 
curve  laid  with  the  Ss-lb.  rail,  it  is  now  possible  to  coast  through  the 
curve.  It  is  not  found  that  the  narrow-headed  tail  decreases  the 
braking  power  of  the  trains.  As  an  example  of  the  experience  with 
this  tmI,  the  curve  at  Causeway  and  Haverhill  St.  may  be  takea. 
This  has  a  radius  of  90  ft.  on  the  center  line,  and  about  197  (t.  of 
the  "frictiouless"  rail  was  kid  on  the  inside  of  the  curve  in  1912. 
The  condititms  on  this  curve  have  been  as  follows:  On  the  inside 
ails  of  open-hearth  ferto-titanium 
!,  after  a  life  of  261  days,  with  a 


Fic    56- — Special  "(rictionleaa"  rail  for 
inside  of  sWp  curves^  So.  Pac.  Ry. 

wear  of  0.0*9  ^'-t  ^^  removal  following  because  of  corrugations. 
The  7<)-lb.  "frictionless"  rails  of  the  same  steel,  laid  on  the  above 
date,  were  examined  on  Aug.  26,  19131  after  183  days'  service. 
The  wear  was  0.036  ft.,  while  there  was  very  Uttle  corrugation. 
The  permissible  amount  of  wear  is  0.045  ft,,  and  the  life  of  this  rail 
therefore  was  estimated  at  354  days,  or  35  per  cent,  more  than  the 
actual  life  of  the  former  ordinary  rails.  On  the  outside  of  the 
curve,  the  85-lb.  rail  showed  a  wear  of  0.039  f*'  during  the  261 
days'  life  of  the  8s-lb.  ordinary  rail  on  the  inside,  while  it  was  0.040 
ft.  during  the  383  days'  service  of  the  79-lb.  special  rail. 

T-,  Grooved  or  Tram  Sectious  of  Rail  Head.  From  an  operat- 
ing standpoint  T-rail  is  greatly  to  be  preferred  over  other  types 
of  head,  even  for  city  streets,  the  flange  groove  being  provided  for 
by^eans  of  special  paving  blocks,  shown  for  example  in  Figs.  19,  i4. 
3S.  36,  27, 31, 31, 33. 34. 36. 57,  SS.  As  a  heritage  from  the  old  tiam 
rail,  many  cities  still  insist  upon  a  tiam  section  of  head,  while  others 
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require  a  full  or  partial  groove  section,  similar  to  Figs.  49  and  51. 
The  T-rail  is  designed  on  better  mechanical  lines  and  may  be  more 
satisfactorily  fitted  with  joints.  It  has  a  longer  life  imder  equal 
traffic  and  the  flangeway  is  more  suitable  for  varying  wheel  flanges. 
Many  installations  of  T-rail  in  paved  streets  have  satisfactorily 
met  local  conditions  and  several  cities  are  requiring  the  adoption 

of  high  T-rails  in  replacement  of 
tram  and  girder  grooved  rails. 

Disadvantages  oi  Tram  or  Groove 
Sections.  A  wearing  away  of  the 
rail  head  of  such  sections  ^ally  al- 
lows wheels  to  run  on  their  flanges. 
Such  wearing  or  a  filling  up  of  the 
proove  with  dirt  greatly  decreases 
adhesion.  These  sections  also  tend 
to   invite  wagon  traffic  on  to  the 

Fig.  57.-Special  paving  blocks,    ^ilway  tracks,  and  to  interfere  with 

the  turnmg  Out  of  horse-drawn  ve- 
hicles which  are  traveling  on  the  railway  tracks.  It  is  also  difficult 
to  design  such  sections  so  that  they  may  be  rolled  and  preserve  a 
proper  distribution  of  the  weight  through  the  web  to  the  base  of 
the  rail.  Further,  the  usual  size  of  groove  restricts  wheel  flanges 
to  smaUer  maximum  dimensions  than  would  otherwise  be  desirable. 

Rail  Length.    The  standard  length  has  changed  from  30  to  33 
ft.  after  experiments  with  lengths  of  45  and  60  ft . 

Composition  of  Rail        ,  „    ^, 

Metal.    The  quaUty  of   _    T  *         n 

the  metal  in  the  finished  Z^Wi, 
rail   will   depend  upon    5 
the  chemical  composi-    J^ 
tion,  the  temperature  of  '   "  ^j^ck 

rolling  and  the  work  put 
upon  the  metal  during 
rolling.  The  chemical 
composition,  to  be  de- 
termined from  drillings 


Special  Half 


Special 


Full  Block 


T 
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Pig.  58. — Special  paving  blocks. 


taken  from  the  ladle  test  ingot,  is  to  be  as  follows  in  the  Am.  Ry. 
£ng.  Assn.'s  sf>ecifications  for  carbon  steel  rails,  191 2: 


Bessemer  Process 

Elements.  '0]^;^-^ 

per  cent.  ^^^^^'  g^  H,. 

Carbon 0.40  to  0.50 

Manganese o. 80  to  i .  10 

Silicon not  over  o. 20  not  over  o. 20  not  over  o. 20  not  over  o. 20 


o 
o 


85-100  lb., 
inclusive 

45  to  o.ss 
Soto  1. 10 


Open-hearth  Process 

70  lb.  and 

over,  but 
under  85  lb. 
0.53  to  0.66 
o .  60  to  o .  90 


85-100  lb., 
inclusive 


0.63  to  0.76 
o . 60  to  o. 90 


Phosphorus not  over  o.  10  not  over  o.  10  not  over  0.04  not  over  0.04 

The  Am.  El.  Ry.  Eng.  Assn.  recommends  the  following  chemical 
composition  to  be  determined  from  drillings  taken  from  the  test 
ingot  at  not  less  than  H  in.  beneath  the  surface: 


Per  cent.  Class  A  • 

Carbon 0.60  to  0.73 

Manganese o .  60  to  o .  90 

Silicon not  over  o .  20 

Phosphorus not  over  o. 04 


Class  B 

0.70  to  o.8s 

0.60  to  0.90 

not  over  o .  20 

not  over  0.04 
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Carbon  increases  hardness  and  tensile  strength  and  decreases 
ductility.  The  specified  increase  with  weight  of  rail  is  probably 
partly  due  to  a  higher  temperature  during  rolling  and  to  less 
work  per  pound  of  metal  in  the  process.  The  manganese,  accord- 
ing to  Campbell,  combines  in  part  with  the  dissolved  oxygen  and 
l>asses  off  with  the  slag  as  an  oxide  when  added  as  ferro-manganese 
just  before  pouring.  It  is  thus  easier  to  add  spiegd  iron  than 
ordinary  pig  iron  to  increase  carbon  since  the  manganese  of  the 
former  prevents  its  oxidation.  Manganese  also  tends  to  prevent 
the  coarse  crystallization  due  to  phosphorus  and  sulphur  and 
raises  the  critical  temperature  to  which  it  is  safe  to  heat  the  steel, 
for  just  as  it  resists  the  separation  of  the. crystals  in  cooling  from 
a  liquid,  so  it  opposes  their  formation  when  a  high  temperature 
increases  molecular  mobility.  The  effect  of  silicon  is  small  although 
in  manufacture  it  acts  like  manganese  as  a  flux  and  tends  to  prevent 
injury  by  oxidation.  Phosphorus  tends  to  produce  coarse  crystal- 
lization and  hence  lowers  the  finishing  temperature  in  order  to  pre- 
vent the  formation  of  a  crystalline  structure  during  cooling.  Its 
effect  when  cold,  up  to  about  0.12  per  cent.,  is  to  increase  strength 
and  hardness,  but  it  renders  the  steel  brittle  imder  shock  and  should 
be  kept  at  the  lowest  practicable  limit.  In  the  Bessemer  process 
as  employedln  this  country,  an  add  lining  is  used  in  the  converter 
and  this  prevents  burning  out  either  phosphorus  or  sulphur. 
The  limit  is  thus  fixed  by  Qiat  of  the  ayailable  ores.  In  the  open- 
hearth  method  a  basic  lining  is  used  and  this  permits  the  conversion 
of  the  phosphorus  into  a  slag  with  lime,  and  the  sulphur  with  lime 
and  manganese  ore.  The  basic  open-hearth  method  thus  allows 
the  use  of  cheaper  ores  and  the  reduction  of  phosphorus  and 
sulphur  to  low  limits.  It  also  furnishes  a  more  uniform  product 
as  the  melt  can  be  sampled  and  proportions  corrected  if  found 
desirable  before  pouring.  The  open-hearth  rail  is  coming  into  use; 
the  increased  cost  is  about  $2  per  ton. 

Alloyed  Steel  Rails.  The  following  comments  are  from  the 
Committee  on  Way  Matters,  Am.  El.  Ry.  Eng.  Assn.  (191 2). 
The  treatment  of  steel  for  rails  with  vanous  aUoys  has  been  a 
question  of  study  and  experiment  for  several  years,  the  chief  object 
being  to  ptolong  the  life  of  rails  by  the  addition  of  hardening  and 
toughening  qualities,  preserving  at  the  same  time  the  ductility 
necessary  to  msure  freedom  from  britdeness.  Important  limita- 
tions are  at  the  very  outset  imposed — ^primarily,  the  cost  of  the 
finished  rails  and  secondly,  the  odd-shaped  or  unbalanced  sections  of 
rails— which  preclude  the  possibilities,  of  heat  treatment,  and 
matters  which  prevent  as  rapid  development  of  the  subject  as  would 
otherwise  be  possible.  The  foregoing  are  the  common  methods 
used  in  attaimng  the  desired  result,  which  is  a  moderate  priced, 
long-lived  rail  of  any  section  immediately  available  in  any  quantity. 
It  is  only  necessary  to  take  up  the  subject  of  titanium,  manganese 
and  nickel-chrome  rails,  for  while  there  are  various  other  known 
alloyed  steels,  their  use  in  rails  with  the  limitations  mentioned 
makes  their  consideration  here  unnecessary.  Girder  and  high  T-, 
as  well  as  standard  sections,  can  be  easily  rolled  from  the  follow- 
ing special  steels  possessing  the  general  characteristics  mentioned. 
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Kind 


Steel  containing         'General   properties    anticipated 


Titanium 

Nickel 

Nickel  chrome 

Manganese. . . 

« 

Electric 

High  silicon. . 


o.  I    per    cent, 
titanium. 

3-5  per  cent,  nickel 

Containing  varying  per- 
centages— nickel  and 
chromium. 

About  12  per  cent,  man- 
ganese. 


metallic.  Less  segregation,  cleaner  metal, 
hence,  longer  life. 
Increased  life. 

Increased  life  by  being  tough 
and  hard. 


Made  in  electric  furnace. 

About  0.35  per  cent,  sili- 
con. 


Very  tough  and  hard,  cannot  be 
easily  cut  or  drilled,  wears 
slowly. 

Verjr  clean  steel,  free  from  im- 
purities, thus  adding  life. 

Increased  life.  Much  used  in 
England. 


Ferro-titaiiitim  SteeL  The  addition  of  the  alloy  ferro-titanium 
to  either  Bessemer  or  open-hearth  steel  is  to-day  the  most  common 
method  of  seeking  to  prolong  the  Ufe  of  steel  rails  without  materially 
increasing  their  cost.  The  alloy  is,  as  the  name  indicates,  composed 
chiefly  of  iron  and  titanium,  the  latter  being  a  chemical  element 
found  in  various  ores  and  conspicuous  for  having  great  affinity 
for  oxygen.  The  manufacture  of  the  alloy  renders  obtainable  in 
it  various  proportions  of  titanium,  so  that  a  15  per  cent,  alloy 
means  that  nominally  there  is  that  amount  of  titanium  present  as 
against  85  per  cent,  of  iron,  but  these  figures  are  not  fixed  and  allow- 
ance must  be  mad6  for  th^  presence  of  other  ingredients,  as  carbon, 
aluminum,  etc.  The  theory  on  which  the  use  of  ferro-titanium  is 
advocated  is  very  simple,  hinging  upon  the  affinity  that  titanium 
has  for  oxygen,  or  largely  upon  the  effect  of  chemical  reactions  that 
occur  from  its  addition  to  the  molten  steel,  resulting  in  a  cleansing, 
so  that  the  name  "scavenger"  has  often  been  applied  to  the  alloy. 
There  are  two  brands  of  ferro-titanium  alloy  available  for  use. 
The  one  known  as  the  Rossi  process  is  most  frequently  used,  and 
differs  principally  from  the  other  or  Goldschmidt  alloy  in  being 
practically  free  from  aluminum.  The  latter  brand  contains  from 
4  to  6  per  cent,  of  aluminum,  which  is  a  deoxidizing  element 
often  used  in  casting  steel  to  reduce  piping  and  blow  holes.  The 
amount  of  titanium  alloy  to  be  used  is  a  matter  of  some  argument, 
but  in  short  it  may  be  said  that  enough  should  be  added  to  thor- 
oughly saturate  the  molten  metal  with  titanium.  Theoretically, 
then,  a  trace  of  titanium  in  the  finished  steel  may  be  regarded  as 
proof  that  enough  has  been  added  to  the  molten  steel  to  effect  com- 
plete deoxidation.  Recent  practice  advises  the  addition  of  one- 
tenth  of  I  per  cent,  metallic  titanium  to  either  Bessemer  or  open- 
hearth  steel,  and  while  this  figure  may  be  taken  as  a  safe 
minimum,  there  is  abundant  reason  to  think  that  a  larger  amount 
would  be  more  satisfactory,  especially  under  some  conditions.  The 
use  of  the  alloy  requires  close  attention  to  detail  in  the  steel  works, 
and  should  be  attended  with  such  supervision  as  will  insure  a 
strict  adherence  to  the  recognized  principles  and  specifications 
governing  its  use.  Success  due  to  the  use  of  titanium  has  resulted 
from  a  denser,  more  uniform  and  homogeneous  metal,  as  might  be 
expected  from  the  nature  of  its  duty  as  a  scavenger.  Granted  that 
the  metal  is  clarified  by  using  titanium,  the  possibility  of  increasing 


ALLOYED  STEEL  RAH^S  55 

the  carbon  content  without  a  material  loss  of  ductility  occurs,  so 
that  of  late  many  tons  of  rails  have  been  made  containing  more 
carbon  than  formerly  whose  wearing  qualities  are  regarded  as 
greatly  increased,  and  with  no  loss  of  shock-resisting  qualities. 
Recommendations  as  to  the  carbon  content  as  well  as  to  the  other 
usual  elements  had  best  be  left  to  the  individual  case  until  more 
definite  information  has  been  obtained.  When  used  under  proper 
metallurgical  conditions,  titanium  alloy  increases  the  wearing  quali- 
ties of  rails,  sufficient  evidence  having  been  produced  as  a  result 
of  careful  measiurement  to  justify  such  conviction.  Whether  the 
increased  wearing  quality  is  economically  profitable  to  the  pur- 
chaser, is  a  different  question,  depending  upon  the  first  cost  of  the 
rails,  and  experience  with  grooved  girder  and  high  T-rails  for  street 
and  interurban  uses,  has  not  been  sufficient  to  make  accurate  figures 
obtainable. 

Manganese  steel  is  a  high-carbon  open-hearth  steel  containing 
from  12  to  15  per  cent,  of  manganese.  Steel  having  such  a  pro- 
portion of  manganese  present,  when  quenched  in  water  from  a  red 
heat  becomes  exceedingly  hard  and  tough,  but  remains  sufficiently 
ductile  to  resist  impact.  The  manufacture  of  rails  of  such  composi- 
tion has  attained  considerable  headway  in  the  last  few  years,  and 
it  is  now  possible  to  produce  any  section  if  ordered  in  fair  quantity. 
The  process  is  quite  simple,  involving  principally  the  addition  of 
a.  large  amount  of  ferro-manganese  to  the  open-heartb  metal. 
The  treatment  of  the  ingots  in  the  soaking  pits  must  be  attended 
with  great  care,  and  finally  after  rolling  and  sawing  to  length,  the 
rails  must  be  immediately  immersed  in  a  tank  of  water.  Naturally 
the  long  lengths  become  very  crooked  when  thus  cooUng,  so  that 
a  greater  amount  of  cold  straightening  often  becomes  necessary. 
A  very  tough  and  ductile  steel  results,  the  most  objectionable 
feature  of  which  is  the  impossibility  of  sawing  or  drilling  it,  and 
therefore,  careful  ordering  to  length  and  punching  of  aU  holes  is 
necessary.  While  the  price  of  manganese  steel  rails  quite  pre- 
cludes their  common  adoption  for  straight  track,  still  for  curves 
and  in  special  or  hard  service  track  the  benefits  derived  are  such 
as  to  warrant  their  careful  consideration. 

Nickel-chrome  SteeL  Some  large  tonnage^  of  nickel-chrome 
steel  rails  were  rolled  for  steam  roads  several  years  ago,  in  which 
the  nickel  and  chromium  were  additions  to  the  steel  of  the  open- 
hearth  furnace,  and  have  given  splendid  wearing  results,  although 
it  is  true  that  the  rate  of  breakages  have  been  high.  Since  that 
time,  however,  there  has  come  into  common  use  a  large  supply 
of  iron  ore,  known  as  Cuban  ore,  containing  nickel  and  chromium, 
rendering  unnecessary  any  addition  of  these  elements  to  the  molten 
steel  in  the  open-hearth  furnace  or  converter.  The  use  of  this 
Cuban  ore  at  some  of  the  Eastern  mills,  has  made  the  alloy  steel 
available  at  no  increase  of  price,  and  its  composition  running  close 
to  iV4  per  cent,  of  nickel  and  one-half  of  i  per  cent,  of  chromium 
seems  to  add  very  desirable  qualities  to  rail  steel  with  a  fur- 
nace addition  of  3^  per  cent,  of  nickel.  Several  thousand 
tons  of  this  Mayari  steel,  as  it  is  called,  by  both  Bessemer 
and  open-hearth  process,  have  been  laid  in  steam  road  track  since 
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its  first  offerings  in  1910,  but  as  yet  the  results  as  to  its  wearing 

qualities  and  breakages  are  still  largely  unavailable.  Many 
electric  railway  companies  have  also  used  this  steel  for  girder  rails 
and  the  indications  point  to  a  cheap,  hard,  tough  and  ductile  steel, 
which  is  much  needed  for  rails. 

High  Silicon  Steel.  It  may  be  well  here  to  mention  the  possibili- 
ties in  using  an  increased  amount  of  silicon  in  conunon  open-hearth 
steel  for  rails.  Steel  with  as  high  as  fpur-tenths  of  1  per  cent,  of 
silicon,  or  double  the  high  limit  used  in  this  country,  is  reported  to 


— Angle  bar  splice. 

have  gjiven  excellent  wearing  r 
suits  on  English  roads. 

H«a  Joints.    The  common  ai 
gle  bar  splice.  Fig.  ^q,  comes  i 
contact  with  the  rail  along  the    I 
fishing  surfaces  under  the  rail  head 

and  on  the  rail  base.    By  tight-  pjc.  60.— 100  per  ceat.  type  joint, 
ening  the  ttack  bolts  the  bars  are 

wedged  in  so  that  shear  and  bending  moment  due  to  wheel  toads 
will  be  transmitted  across  the  joint  givii^  somewhat  the  effect 
of  a  continuous  rail.  To  increase  the  strength  and  stiffness,  the 
lower  flanges  may  be  widened  opposite  the  joint  and  extended 
down  below  the  rail  base  as  in  the  "100  per  cent."  type.  Fig.  60, 


;.  6r.— Web 


Pig.  61.— Continuous  roil  joii 


the  Bonzano,  Duquesne,  etc.  In  other  forms  a  plate  is  placed 
under  the  joint  as  an  extension  of  the  lower  flange  of  one  of  the 
angle  bars,  or  as  a  separate  plate  locked  to  the  lower  flanges  oi 
both  bars.  Figs.  61  to  66,  inclusive,  illustrate  the  special  forms  of 
joints  known  as  the  Webber,  Continuous,  Wolhaupter,  and  Atlas. 


Fio.  63. — Wolbaupter  tail  j 

A  number  of  rail  joints  were  tested  at  the  Watertown  Arsenal 
under  the  direction  of  the  Committee  on  Rail  of  the  Am  Ry  Eng 
Assn.  and  the  results  published  in  Bulletin  123,  1910.  The  span 
was  30  in.  Two  joints  at  a  kind  were  tested,  one  with  a  center 
load  of  31,000  lb.  on  the  base,  the  other  with  an  equal  load  on  the 


: — Buspended  type. 


head.  The  rails  were  then  inverted  and  the  load  increased  to  failure 
OT  to  the  capacity  of  the  testing  machine.  Below  are  given  the 
data  for  the  strongest  and  stiSest  joint  tested  for  the  loo-Ib.  rail 
and  for  the  strongest  and  sti£Fest  angle  bar  joint  for  the  loo-lb.  and 
for  the  So-lb.  rail. 


Rail 

Joint 

.oo-lb. 

Bo-lb. 

* 

i 

» 

c 

is:  64 

49!oc 

lo-si 

lit 

ai'.om 
0.04B 

A-IO 

Section  modulus,  normal., . 
Section  modnlm.  inverted.. 
Elsstic  limit,  norm.]..,... 

1.36 

Mai.  deflKlioo,  inverted. . 

0.065 
9S,SOO 

I'Zl 

The  100-lb.  rail,  o,  wasan  American  Society  section,  the  loo-lb.  6, 
and  the  80-lb.,  c,  Dudley  New  York  Central  sections.  The  sec- 
tion modulus  normal  is  for  the  head  and  the  inverted  for  the  base 
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of  the  rail.  The  elastic  limit  and  the  maximum  deflection  are  in- 
serted from  computation  for  comparison  with  the  joints,  with 
an  assumed  elastic  limit  of  60,000  lb.  and  a  modulus  of  elasticity 
of  30,000,000  lb.  It  may  be  noted  that  the  joints  compare  more 
favorably  with  the  rail  in  section  modidus  than  in  stiffness. 

The  bolt  holes  for  the  splice  bars  and  the  notches  for  the  spikes 
to  prevent  rail  creeping  are  usually  punched,  and  this  is  one  of  the 
reasons  why  soft  steel,  about  o.i  per  cent,  carbon,  is  common, 
but  one  of  the  pairs  of  bars  tested  contained  0.63  per  cent,  carbon. 
The  length  varies  from  about  2  ft.  with  4  bolts  to  3  ft.  with  6 
bolts,  although  a  length  of  3^  ft.  has  been  used.  The  short  bar 
is  used  with  a  suspended  joint  midway  between  two  ties,  the  bar 
reaching  from  tie  to  tie.  The  long  bar  is  used  with  a  three-tie 
joint,  the  ends  resting  on  the  outer  ties  with  the  joint  on  the  center 
one.  The  suspended  joint  is  advocated  as  doing  away  with  pound- 
ing action  due  to  a  solid  support  under  the  rail  and  it  is  required 
for  the  splice  bars  which  extend  below  the  rail  base  at  the  joint; 
the  three-tie  joint  is  advocated  as  giving  better  support  for  the 
joint  (which. is  the  first  part  of  the  rail  to  go  down  under  traffic) 


Fig.  66. — Atlas  rail-joint — supported  type. 

than  the  two-tie  support  and  it  is  used  on  a  number  of  the  heavy 
traffic  trunk  lines.  With  long  bars  a  little  wear  of  the  fishing  sur- 
faces or  looseness  of  the  bolts  has  less  effect  in  allowing  angular 
motion,  a  consideration  often  overlooked.  The  track  bolts  are 
usually  H  to  J^  in.  with  round  heads  and  elliptical  section  under 
the  heads  to  prevent  turning  in  the  elongated  holes  of  the  splice 
bars.  Various  methods  are  used  to  prevent  the  nuts  from  rattling 
loose,  among  the  most  effective  being  the  spring  washer  and  the 
Harvey  grip  thread.  The  holes  in  the  rails  are  drilled  large  enough 
to  allow  for  temperature  changes,  the  bolts  acting  only  in  tension 
to  hold  the  fishing  surfaces  in  contact  with  sufficient  force  to  trans^ 
mit  bending  moment. 

Rail  joints  may  be  laid  opposite  or  alternate.  The  former  is 
common  in  the  West  and  in  Europe.  It  is  advocated  on  the 
ground  that  since  the  tendency  of  the  track  is^toward  low  joints,  if 
they  are  put  opposite  no  side  lurch  is  given  and  the  train  is  easier 
on  track  and  passengers.  The  motion,  however,  is  unpleasant 
and  it  is  hard  on  draft  rigging  and  on  track,  the  blow  if  both  sides 
go  down  being  heavier  than  for  only  one.  On  curves  alternate  joints 
hold  alinement  much  better  as  there  is  a  solid  rail  opposite  each  joint 
to  prevent  the  track  from  kinking  due  to  springing  the  track  some- 
what to  fit  the  curvature.    Again>  it  is  more  expensive  on  curves 
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due  to  having  to*cut  and  redrill  each  inner  raU,  rather  than  let 
the  inner  joints  run  ahead  until  a  rail  i  ft.  or  more  shorter  than 
the  standard  length  can  be  used.  Specifications  provide  for  the 
acceptance  of  about  lo  per  cent,  of  the  rails  of  lengths  shorter  than 
the  standard  by  whole  feet  down  to  about  25  ft.  because  the  crop- 
ping-of  the  top  of  the  ingot  may  prevent  the  remaining  portion 
from  cutting  into  full  rail  lengths.  . 

If  a  concealed  type  of  rail  bond  is  to  be  used,  care  must  be  taken 
in  the  design  of  the  rail  joint  that  sufficient  space  is  allowed  for  the 
bond,  even  after  wear  has  taken  place  on  the  joint. 

The  Am.  El.  Ry.  Eng.  Assn.  recommends  joints  for  the  7- 
and  9-in.  girder  rails  as  shown  by  Figs.  53  and  54.  The  Commit- 
tee on  Way  Matters,  1910,  states  that  failures  due  to  poor  design 
of  plate  may  be  attributed  largely  to  insufficient  fishing  surface  or 
insufficiency  of  metal  in  the  web,  either  of  which  faults  may  cause 
a  line  contact,  or  nearly  so,  at  the  fishing  surfaces,  thereby  materi- 
ally decreasing  the  Hfe  of  the  joint;  the  former  is  defective  in  that 
the  contact  surface  approximates  a  line,  and  the  latter  in  that  the 
plate  will  bend  or  buckle  imder  the  load  applied  by  drawing  up 
the  bolts,  thus  giving  a  line  contact  between  plate  and  rail.  An 
inspection  of  the  rails  and  joint  plates  shown  in  the  catalogs  of 
manufacturers  will  furnish  many  examples  of  rail  lacking  in  fish- 
ing surfaces,  and  of  plates  which  do  not  avail  themselves  to  the 
full  extent  of  the  limited  surfaces  presented.  The  life  of  this 
style  joint  will  be  materially  increased,  at  small  additional  cost  to 
the  completed  track  structure,  when  a  plate  is^  designed  of  such 
strength  and  stiffness  that  it  cannot  be  bent  under  any  load  applied 
when  tightening  the  bolts,  particularly  when  supplied  with  channel 
contact  surfaces  of  such  width  as  the  head  of  the  rail  will  permit. 
The  customary  lengths  are  26  in.  for  a  6-bolt  joint  on  7-in.  rail  and 
32  to  36  in.  for  12-bolt  joint  on  9-in.  rail. 

Welded  Joints.  By  the  use  of  welded  joints  a.  continuous  rail, 
which  fulfills  the  three  required  elements  of  a  perfect  joint,  is  ob- 
tained, and  if  a  permanent  weld  could  be  made,  thus  eliminating 
the  joint,  the  life  of  the  rail  at  the  joint  would  be  equal  to  that 
of  the  rail  at  any  other  point.  The  early  attempts  to  weld  rails 
were  made  by  means  of  electricity.  Later  the  cast  weld  was  in- 
troduced and  became  very  popular,  and  after  another  period 
of  time  had  elapsed  an  improved  electric  weld  was  placed  on  the 
market,  and  it  has  divided  honors  with  the  cast  weld.  The  latest 
development  in  the  cast  weld  line  is  the  thermit  weld,  which  is 
essentially  a  modification  of  the  general  principles  of  cast  welding. 
The  principles  of  the  above-mentioned  joints  are  such  that  if  they 
are  perfectly  installed  the  necessary  elements  desired  wiU  be  had. 

Cast  Weld.  In  certain  cities  cast  welding  has  been  very  success- 
ful, while  in  others  the  results  have  been  unsatisfactory.  The 
variation  in  the  finished  joint  results  in  widely  different  conclusions 
as  to  the  usefulness  of  this  type  of  joint.  Investigation,  however, 
shows  that  a  fair  percentage  of  the  failures  may  be  attributed, 
first,  to  the  section  of  the  rail  welded  and  its  chemical  comj>osition; 
second,  to  an  improperly  designed  mold  and  the  consequent  distri- 
bution of  the  metalj  and,  third  to  indifferent  workmanship  on 
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individual  joints.  Two  of  the  most  ordinary  tyi>es  of  failure  are  to 
be  noted.  First,  that  known  as  "  slip,"  resulting  from  the  failure  of 
cast  metal  to  amalgamate  with  that  of  the  rail  section.  This  can  be 
largely  overcome  by  care  in  the  selection  of  the  metal  entering  into 
the  casting,  by  the  operators  assuring  themselves  that  the  metal  is 
poured  at  a  proper  heat,  and  by  cleaning  and  sand-blasting  that 
portion  of  the  rail  ends  which  it  is  expected  will  be  amalgamated. 
Second,  is  the  apparent  injury  done  to  the  rail  head  by  reason  of 
the  application  of  hot  metal,  which  results  either  in  the  distortion 
of  the  surface  or  in  the  changing  of  the  physical  characteristics  of 
the  metal  itself.  The  distortion  can  be  eliminated  by  the  use  of 
clamps  and  by  subsequent  grinding,  so  that  a  true  wearing  surface 
may  be  had,  and  the  change  of  the  physical  characteristics,  due  to 
the  sudden  application  of  heat,  may  be  considerably  diminished  by 
the  placing  of  a  large  piece  of  metal  on  the  rail  head  to  rapidly 
conduct  the  heat  away,  by  pouring  the  molten  metal  so  that  the 
top  of  the  cast  metal  may  be  as  far  below  the  rail  head  as  is  con- 
sistent with  the  strength  of  the  joint,  and  lastly,  by  the  use  of  water 
jacket. 

Electric  Weld.  Failures  of  this  type  of  welding  occur  through 
the  fracturing  of  the  rail,  which  takes  place  usually  at  the  end  of 
the  welded  bar.  Several  instances  have  been  noted  where  the  bars 
themselves  have  been  fractured  at  the  joint.  This  method  of 
welding  depends  principally  upon  two  items  for  a  successful  joint, 
first,  the  insertion  of  the  "dutchmen"  between  the  rail  ends,  in 
such  a  manner  that  the  pieces  inserted  cannot  work  loose,  and, 
second,  the  accurate  grinding  of  the  finished  joint,  together 
with  the  removal  of  a  slight  hump  that  occurs  in  welding  cer- 
tain sections.  The  electric  weld  develops  in  a  degree  the 
weakness  that  is  shown  by  the  cast  weld,  which  has  been  desig- 
nated as  "slip."  This  weakness  is  occasioned  by  the  partial 
failure  of  the  central  weld,  and  results  in  the  independent  motion 
of  the  abutting  rail  ends.  This  fault  is  serious,  but  the  work  may 
be  so  prosecuted  that  its  occurrence  is  negUgible.  The  report  of 
the  Board  of  Supervising  Engineers,  Chicago  Traction,  for  1910, 
states  that  a  continued  improvement  in  the  process  of  electric 
welding  is  reflected  in  the  record  of  rail  joint  failures  for  the  past 
years.  At  that  time  nearly  62,000  joints  had  been  welded,  which 
number  was  expected  to  be  increased  to  about  100,000  in  the 
following  year.  The  experience  with  electric  weld  rail  joints  in 
Chicago,  therefore,  affords  an  unusual  opportunity  to  observe  the 
durability  of  this  type  of  joint  construction  as  compared  with  the  . 
joint  plates  and  bonds.  The  results  of  4  years'  experience  are 
shown  in  the  table  on  the  opposite  page. 

The  improvement  shown  in  the  results  was  brought  about  by 
the  combined  efforts  in  improving  the  workmanship  of  the  weld 
and  the  more  uniform  conditions  of  power  supply  which  became 
available  as  the  work  proceeded.  By  the  use  of  a  flux,  a  better 
weld  was  produced  than  without  fluxing,  and  the  strength  and 
uniformity  of  the  welds  were  thus  increased  by  two  or  three  times 
in  many  cases.  The  use  of  this  flux  began  with  the  1908  work. 
It  was  also  found  that  a  much  tougher  weld  was  produced  by  ap- 
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plying  pressure  gradually  during  welding  and  keeping  the  weld 
under  compression  until  the  metal  had  set.  As  a  number  of 
failures  had  occurred  through  the  bar  section,  the  size  of  the  joint 
bars  was  increased,  but  owing  to  the  excessive  power  required  for  a 
satisfactory  weld,  this  size  was  later  reduced,  the  dimensions  at 
present  being  i He  by  3 HI  in. 


Summary  Recjord  of  Electric  Welded  Rail  Joints 
TN  Chicago  by  Yearly  Groups 


Year  joints  originally  welded 


1907 


1908 


1909 


X910 


1907: 

Welds 

Breaks 

Per  cent. . . , 
1908: 

Welds 

Breaks 

Per  cent. , .  , 
Total  to  1909: 

Welds 

Breaks 

Per  cent. . . . 
1909: 

Welds 

Breaks 

Per  cent. . . . 
Total  to  191  o: 

Welds, 

Breaks 

Per  cent. . . . 
1910: 

Welds 

Breaks 

Per  cent . .  .  . 
Total  to  191 1 : 

Welds 

Breaks 

Per  cent. .  .  . 


8,38x, 
417 
5 

8,297 

119 

I 

8,297 

536 

6 

8,299 

93 

I 

8,299 
628 

7 

8,320. 

82. 

p. 

8,320. 
710 
8 


00 

00 

04 

.00 

.00 

.43 

.©o 
.00 
.46 

.00 
.00 

.IX 

.00 

.00 

.57 

00 

00 
99 

.00 
.00 
.53 


18,371.00 

297 . 00 

X.62 

18,371.00 

297 . 00 

1.62 

X  8,380: 00 

91.00 

0.50 

18,380.00 

388 . 00 

2. XX 

x8,4i3.oo 

XX3.00 

o.6x 

x8,4X3.oo 

SOX. 00 

3.72 


2X,7x6.oo 

X04 . 00 

0.48 

2X,7x6.oo 

X04.00 

0.48 

2 1,734  00 

213.00 

0.98 

2  X, 734- 00 

317.00 

1.46 


x3.333.oo 

3500 

0.26 

X3,233.00 

3S.0O 
0.26 


Thermit  Weld.  This  form  of  cast  weld  has  the  advantage  that 
the  apparatus  required  is  small,  inexpensive  and  easily  transport- 
able, so  that  it  is  especially  convenietit  for  small  jobs  and  repair 
work.  G.  E.  Pellissier  (Elec.  Ry.  Jour.,  1910)  states  that  a  gang 
of  four  men  made  10  complete  joints  in  9  hours  in  a  busy  street  at 
Holyoke,  Mass.,  and  that  under  more  favorable  conditions  they 
should  make  15  joints  in  the  same  time.  The  Electric  Railway 
Journal  (1911)  reports  breakages  of  but  i  per  cent,  or  less  on  the 
"principal  railways  in  Germany."  The  process  depends  upon  the 
chemical  reaction  between  aluminum  and  iron  oxide,  which,  when 
mixed  in  the  proper  proportion  and  ignited,  react  to  form  liquid 
steel  and  slag  at  a  temperature  of  approximately  5400  deg.  F. 
This  reaction  takes  place  in  a  small  portable  crucible,  placed  di- 
rectly over  the  rail  ends,  which  have  been  covered  by  a  mold,  into 
which  the  melted  steel  is  tapped,  the  high  temperature  resulting 
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in  a  weld  of  the  rail  ends  and  thermit  steel.    The  composition  of 
tie  thermit  steel  may  be  regulated  to  conform  to  the  character- 
istics of  the  steel  of  the  rail.    In  the  earlier  thermit  welding  prac- 
tice, a  space  a  in,  was  left  between  the  rail  ends,  which  was  filled 
with  the  thermit   steel.     This  method  required  preliminary  ana]- 
yses  of  the  rail  steel  to  determine  the  amount  of  alloy  which  was 
necessary  in  the  thermit  steel  to  give  a  uniform  wearing  quality 
in  the  head  of  the  rail  across  the  joint.     la  Europe,  where  low- 
carbon  steel  rail  is  generally  used,  butt-welding  was  done  by  care- 
fully filing  tl^e  rail  ends  to  parallel  surfaces,  holding  them  together 
with  special  clamping  apparatus,  and  preheating  by  a  small  char- 
coal furnace  immediately  before  the  application  of  the  mold;  a 
second  application  of  thermit  is  made  to  bring  the  rail  head  to 
welding     temperature,     after    which    the 
clamping  apparatus  forces  the  rail  together, 
completing    the   weld.     With   high-carbon 
steel  as  used  In  American  practice,  difficulty 
was  had  in  making   the  full  section  weld 
with  similar  composition  until  the  adoption 
in  1913  of  the  following  method:    Anmsert 
of  the  shape  as  shown  in  Fig.  67  ^  in.  in 
thickness,  and  of  the  same  composition  as 
the  rail  (sometimes  cut  from  the  rail  section) 
is  placed  between  the  rail  ends.     The  ther- 
',     mit  is  poured  as  in  the  earlier  method,  re- 
taining the  usual  weld  of  tlie  base  and  rail, 
outside  edge  of  ball  and  lip.    The  shrink- 
age of  these   welds   compresses  and   butt- 
welds  the  rail  ends  and  insert  which  have 
been  brought  to  welding  temperature  by  the 
preheating  due  to  the  thermit  pouring.     In 
_  .        -    ,  „    this  method,  no  part  of  the  wearing  surface 

M^tbn  weld"  is  replaced  with  thermit   steel,  so  there  is 

no  need  for  special  alloys,  and  it  is  said  that 
the  cost  of  using  the  insert  is  balanced  by  a  decrease  in  the  amount 
of  grinding  required. 

Clark-Thermit  Joint  This  joint  as  described  by  Mr.  Chas.  H. 
Clark,  and  as  used  in  Buffalo  and  Cleveland,  consists  of  the  common 
joint  plates  with  drive  fit  bolts  and  a  shoe  of  thermit  steel  on  the 
base  of  the  rail  at  the  joint.  Rails  and  plates  are  drilled  with  round 
holes  of  the  same  size,  Mi  in.  smaller  m  diameter  than  the  bolts, 
which  are  standard  machine  bolts  with  Square  heads  and  hexagon 
nuts.  The  holes  are  reamed  to  fit,  using  special  adjustable  reamers 
with  a  track  drilling  machine.  The  thermit  weid  is  made  in  the 
base  of  the  rail  after  the  joint  has  been  placed  and  bolts  drawn  up 
tight.  Mr.  Clark  has  given  the  cost  of  12  hole  joints  with 
11.4-ih.  bolts  in  140  lb.  rail  as  $6.07  each,  complete,  and  of  8 
hole  joints  as  Ss.oS  each.  A  modification  of  the  Clark  joint  has 
been  used  in  Baltimore.  Spedal  fishplates  are  provided,  r  in. 
thick  and  of  special  design  to  fit  the  contour  of  the  head  and  base 
of  rail  with  a  minimum  space  between  web  of  tail  and  fishplate. 
These  are  of  the  same  high-carbon  steel  as  the  rail  and  are  punched 
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with  ten  iH«-ui.  holes  on  3-in.  centers.  The  holes  in  the  jfishplates 
and  rail  are  reamed  in  the  field,  and  the  fishplates  riveted 
to  the  rail  with  i  in.  by  4H  in.  cone  head  rivets,  after  which  a 
thermit  weld  is  made  around  the  base  of  the  rail.  The  complete 
cost  is  given  as  $6.69  per  joint  on  103  lb.  7-in.  girder  rail. 

Compromise  joints,  or  the  joint  between  ends  of  two  dissimilar 
rail  sections  are  often  points  of  trouble,  due  to  the  fact  that  it  is 
difficult  to  make  such  joint  plates  with  good  contact  for  both  rails, 
except  with  special  facilities.  It  is  too  often  the  case  that  the 
compromise  joint  is  overlooked  until  actually  needed  and  a  rough 
blacksmith  job  is  allowed  to  suffice  only  to  cause  trouble  later. 
Some  form  of  welded  joint  between  the  two  rail  ends  is  most 
satisfactory,  and  where  joint  welding  apparatus  is  not  available 
in  the  field,  some  companies  weld  together  short  pieces  of  the 
two  rail  sections,  and  use  standard  joint  plates  to  connect  these 
to  the  similar  adjoining  rails.  A  uniform  method  for  designating 
compromise  joints  was  approved  by  the  Am.  El.  Ry.  Eng.  Assn.  in 
191 2,  and  is  shown  by  Fig.  68.  The  observer  stands  between 
rails  at  O,  facing  joints.  Aff  readings  are  made  from  left  to  right, 
as  in  reading  a  book,  and  as  indicated  by  arrows  on  the  figure. 
Joint  X  would  read  "one  combination  joint  connecting  Sec.  A 
worn  J  in.,  drilled  R.,  with  Sec.  B  worn  i  in.,  drilled  S." 

fleet.  A  ;<T^  Sect.  B 

DrillinsB        /      I       \        Drilling  8 

Sect.  A  ^_      I      /  ^^^  ^ 

Drllllns  B  \^J^^Drinind  H 

Pig.  68. — Am.  El.  Ry.  Eng.  Assn.  uniform  method  for  designating  com- 
promise joints. 

Allowance  for  Expansion  m  Laying  Rail.  The  Am.  Ry.  Eng. 
Assn.  (191 2)  recommends  that  in  la3ring  new  rail,  standard  expan- 
sion shims  shall  be  used,  that  the  temperature  of  the  rail  shall  be 
taken  by  placing  a  thermometer  on  the  rail,  and  that  the  openings 
between  33-ft.  rails  shall  be  as  follows: 

Temperature  Amount  of 

(degrees  Fahr.)  opening 

o-  25 M  in. 

2S-  SO 9:i«  in. 

50-  7S H  in. 

75-100 M«  m. 

Over  100 ■ close 

The  above  applies,  of  course,  to  open  track.  The  engineers  on 
street  railway  lines,  through  experience,  have  concluded  that  the 
spacing  of  rails  with  open  joints  is  unnecessary  in  paved  streets 
and  ascertained  by  practice  that  if  the  rails  were  butted  tightly 
together  the  damage  to  the  rail  end,  due  to  the  impact  of  the  wheels, 
could  be  minimized.  This  damage  is  in  direct  ratio  with  the  width 
of  the  opening  between  rail  ends.  Therefore,  in  order  to  obtain 
a  perfect  fit  of  the  rail  ends,  most  rail  specifications  now  require 
that,  in  addition  to  the  sawing,  the  rails  be  milled  and  finished,  and, 
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if  necessary,  filed  so  that  a  true  and  accurate  rail  end  may  be  ob- 
tained. Further,  the  Am;  El.  Ry.  Eng.  Assn.  has,  in  view  of  the 
desirability  of  obtaining  a  joint  with  no  intervening  space  between 
the  abutting  rail  heads,  recommended,  in  its  speofication  for  the 
manufacture  of  rails,  in  addition  to  the  usual  finishing  of  the  rails 
at  the  ends,  that  "the  rails  may  be  imdercut  ^  of  an  inch. 
There  is  now  in  use  in  one  of  the  western  cities,  on  T-rail  construc- 
tion, a  special  form  of  rail  end,  the  rail  being  cut  to  a  vertical  bevel 
in  the  ratio  of  i  to  6.  This  type  of  cutting  enables  the  engineers 
to  obtain  a  perfect  fit  of  the  abutting  rail  heads  and  with  the  ordi- 
nary bolted  joint  has  been  found  satisfactory.  It  is  questionable, 
however,  if  joints  of  this  type  would  be  of  any  particular  benefit 
if  laid  on  heavy  traffic  lines. 

Grinding  and  Compromising  Joints.  Many  engineers  believe 
that  all  joints  should  be  ground  when  first  installed.  There  is  no 
question  that  a  joint  should  not  be  left  if  there  is  any  variation  what- 
soever between  the  running  surfaces  of  abutting  rail  ends.  Once 
the  wheels  have  an  opportunity  of  pounding  the  rail  the  receiving 
side  will  rapidly  cup  out  and  the  track  will  fail.  In  a  double  track, 
and  where  the  traffic  is  in  one  direction,  the  receiving  rail,  after  a 
period  of  years,  becomes  badly  cupped.  If  the  joints  are  ordinary 
plates  they  may  be  offset  or  replaced  with  step  joints  so  that  the 
bottom  of  the  cup  is  on  a  level  with  the  top  of  the  delivery  rai!. 
The  plates  are  then  driven  tight  and  bolted  up  in  place  and  the 
adjoining  rails  ground  level.  It  is  important  that  the  joints  be 
ground  back  in  proportion  to  the  depth  of  the  cup,  this  grinding 
extending  sometimes  for  a  distance  of  6  ft.  on  each  side.  Rail 
treated  in  this  manner  and  having  proper  foundation  and  ties  will 
ride  like  new  track.  Rail  could  have  its  life  considerably  extended 
if,  as  soon  as  the  joints  begin  to  pound,  the  plates  are  puUed  up  and 
the  rail  so  ground  that  the  abutting  rail  ends  are  a  true,  level  sur- 
face. Such  practice  should  be  resorted  to  instead  of  neglecting 
the  joints  to  such^  an  extent  that  nothing  is  to  be  done  except  to 
lose  the  rail  or  apply  some  expensive  method  in  reclaiming  it,  such 
as  inserting  short  pieces  of  new  rail. 

Rail  Corrugations.  With  the  increased  use  of  solid  forms  of  track 
construction  (concrete  base,  etc.),  the  advent  of  large  cars,  and  the 
necessity  of  rapid  rates  of  acceleration  and  braking,  this  form  of 
maintenance  trouble  has  increased  greatly  within  the  past  few  years. 
While  the  rail  manufacturer  is  ready  to  lay  the  cause  to  modem 
traffic  conditions,  equipment  and  air  brakes,  many  engineers  place 
it  with  the  rolling  of  the  rail,  and  a  satisfactory  reason  has  not  yet 
been  offered.  The  corrugations  must  be  removed  by  some  form  of 
grinding,  either  by  an  ordinary  file  or  emery  block  set  in  a  frame 
and  operated  by  hand,  or  by  one  of  the  many  forms  of  rail  grinding 
machines.  The  19 lo  Com.  on  Way  Matters,  Am.  El.  Ry.  Eng. 
Assn.,  states  that  "  the  cost  of  removing  corrugations  varies  from 
a  few  cents  to  50  cents  per  foot  of  rail,  depending  on  the  depth  of 
the  waves,"  the  only  other  remedy  being  to  renew  the  rails.  The 
grinding  should  be  done  as  promptly  as  possible  after  the  corru- 
gations manifest  themselves,  as  once  started  the  trouble  rapidly 
grows  worse. 
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Cost  of  Grinding  Rail  Cotnigations  and  Joints.  Mr.  C.  L.  Crabbs 
gives  the  following  cost  data  covering  i  year's  work  on  tra6k  of 
the  Brooklyn  Rapid  Transit  Company.  The  average  cost  per  foot 
of  grinding  21,725  lin.  ft.  of  corrugation  of  an  average  depth  of 
o.oi  in.  was:  Labor  $0,112;  material,  $0.0227;  totd,  $0.1347. 
During  the  same  period  1418  joints  and  dishes  of  a  depth  approxi- 
mating 0.05  in.  were  ground,  the  average  cost  per  joint  being: 
Labor,  $0.8322;  material,  $0,193;  total,  $1.0252.  This  work  was 
done  with  a  reciprocating  grinder,  but  Mr.  Crabbs  states  that  his 
experience  with  considerable  grinding  of  joints  with  wheel  machines 
shows  very  nearly  the  same  costs. 

Measurement  of  Rail  Wear.  For  obvious  reasons  ordinary 
odipers  are  not  suitable  for  measuring  rails  to  ascertain  either 
lateral  and  vertical  wear,  or  even  the  vertical  wear  over  the  whole 
width  of  the  head.  Various  instruments  and  devices  have  been 
contrived  for  this  purpose.  One  idea  that  has  been  put  into  service 
is  to  apply  molds  to  the  sides  of  the  rail  and  take  a  plaster-of-Paris 
cast,  from  which  precise  m^surements  can  be  obtained  in  various 
ways.  The  instrument  shown  in  Fig.  69,  consisting  of  a  clamp 
B  and  a  curved,  tapering  scale  S,  was  designed  by  Mr.  Stephen 
W.  Baldwin,  of  New  York  City,  and  described  in  Camp's  "Notes 
on  Track."^   The  damp  is  H  in.  thick     ^^,^ 

and  is  applied  to  the  head  of  the  rail  t2!7'77'T'T*TTnrr,„^  S 
by  means  of  a  thumb-screw  e  and  stud  ^'^^^^-^^'^T^rfTrri" 
d  in  fia-in.  holes  drilled  into  the  rail 
at  points  where  it  is  desired  to  take 
measurements.  As  the  splice  bars  do 
not  interfere,  these  hofes  may  be 
drilled  as  near  the  end  of  the  rail  as  is 
desired.  Presumably  each  rail  would 
be  measured  at  the  middle  and  near 
the  ends.  The  center  line,  b  c,  be- 
tween the  opposite  holes  is  the  base 
line  for  all  measurements,  and  as  this 
is  fixed  and  not  afifected  by  wear 
(the  hole  in  the  gage  side  should  be 
drilled  deep  enough  to  place  its 
pointed  end  beyond  the  reach  of 
wear  from  the  wheel  flanges)  the 
clamp,  when  adjusted,  will  always  occupy  the  same  position.  To 
prevent  corrosion  in  the  holes  they  may  be  filled  with  wax  after 
each  time  the  instrument  is  used.  The  measurements  taken  be- 
tween the  working  faces  of  the  rail  and  the  reference  heads  on  the 
clamp  (No.  i,  No.  2.  .  .No.  7)  are  thus  accurate  records  for  com- 
paring the  size  of  the  rail  head  at  different  times.  The  purpose  of 
curving  the  tapering  scale  is  to  prevent  bridging  depressions  in  the 
rail  surface.  This  scale  is  tapered  and  graduated  to  measure  the 
open  space  between  the  clamp  and  the  rail  within  ^00  of  an 
inch. 

Track  Lajring.     Camp,  Track,  estimates  that  where    the  ties 
are  hauled  ahead  by  trains,  56  laborers,  3  foremen  and  11  teams 
with  drivers  should  lay  a  mile  of  track  in  10  hours  under  average 
5 


Fig.  69. — ^Instruments  for  meas- 
urement of  rail  wear. 
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conditions  without  hurrying.    The  force  would  be  distributed  about 
as  follows: 

4  men  loading  ties  12  spikers 

10  teams  hauling  ties  6  nippers 

6  men  placing  ties  i  spike  distributer 

8  men  unloading  and  placing     i  bolt  distributer  and  shim  collector 

rails  I  water  boy 

2  head  strappers  z  team  on  rail  car 

4  back  strappers  3  foremen 

Total,  56  not  including  foremen. 

Where  the  ties  are  run  out  on  rail  cars  and  carried  ahead,  one 
man  carrying  a  tie  as  may  be  done  with  soft  wood  ties,  8  men 
are  added  and  9  teams  subtracted  from  the  force  as  given  above. 
*This  is  for  skeleton  t-rack  which  should  be  surfaced  by  taking 
materials  from  the  edges  of  the  roadbed  before  trains  are  allowed 
to  pass.  Frequently  it  is  ballasted  with  earth  and  used  for  speeds 
up  to  25  or  30  miles  an  hour  during  the  period  of  thin  traffic.  If 
other  ballast  material  is  to  be  used  it  is  brought  on  in  ballast  cars 
and  dumped  or  dumped  and  spread.  The  track  is  then  jacked  up, 
alined  and  tamped  to  surface,  but  new  track  will  settle  imevemy 
and  it  will  take  some  time  to  get  it  in  smooth  riding  condition. 
With  track-lajdng  machines,  the  rails  (with  angle  bars  attached) 
and  the  ties  are  brought  forward  from  the  supply  cars  of  the  con- 
struction train  to  the  front  car  or  machine  by  power,  the  ties  are 
carried  over  the  upper  chords  of  a  cantilever  truss  projecting  a  rail 
length  in  advance  of  the  car  and  delivered  when  they  can  be  placed 
without  disturbing  the  rail  men.  Each  rail  is  carried  forward  and 
lowered  so  that  it  can  be  easily  guided  to  position  a  little  in  front 
of  the  splice  bars  of  the  rail  in  place  and  then  pushed  back  by  hand 
and  partially  spiked,  or  in  some  cases  held  by  bridle  bars  and  spiked 
after  the  train  has  passed  ahead.  Some  are  self  propelling,  others 
have  power  for  handling  the  material  only  and  require  a  locomotive 
for  the  train.  The  older  machines  are  described  and  illustrated 
in  Camp's  Track  and  one  of  the  later  ones  in  which  air  is  used  in 
handling  the  rail  from  car  to  track,  in  Engineering  News,  1907. 
In  the  latter  case  the  machine  was  used  in  track  Ia3dng  on  an 
interurban  line  starting  from  Tacoma,  Washin^on,  and  it  is  stated 
that  from  2  to  2^  miles  per  day  could  be  laid  with  the  following 
force:  i  foreman,  4  men  to  operate  the  machine  and  feed  ties  and 
rails  to  the  conveyor,  6  men  to  distribute  and  space  ties,  4  strappers, 
8  spikers,  4  nippers  and  i  spike  peddler.  An  itemized  cost  ac- 
count of  laying  track  on  the  Frisco  Line  in  Louisiana  with  a  Harris 
machine  is  given  in  the  Engineering-Contracting,  1910.  Part  of 
the  supplies  were  brought  35  miles  by  the  night  crew  which  did  some 
switcmng  during  the  noon  hour  when  the  day  crew  was  oflF.  About 
6000  ft.  of  full  tied,  bolted  and  spiked  track  were  laid  per  day  at  a 
total  cost  of  about  $200  per  mile,  the  contract  price  being  $275. 
This  included  the  switch  work.  It  is  claimed  that  an  improvement 
in  the  bridle  rods  could  be  made  which  would  increase  die  output 
by  1000  ft.  per  day  or  reduce  the  •cost  to  $i66  per  mile  for  skeleton 
track. 

Track  Bolts.  The  following  table  shows  the  average  num* 
ber  of  track  bolts  per  keg  of  200  lb. 


TRACK  LAYING.    BOLTS.    SPIKES 
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Track  Spikes.  The  following  table  shows  the  number  of  track 
spikes  per  keg  of  200  lb.,  also  the  number  of  kegs  per  mile  with  ties 
3  ft.  between  centers. 


3TS 

4X4 

600 

I7M 

fit: 

A      XH 

134" 

Approximate  Value  of  Grade  Determined  b;  the  Use  of  Tape 
Line.  Fig.  70  (by  Mr.  G.  M.  Eaton,  Elec.  Journal,  1911)  shows  a 
method  of  finding  an  approximate  value  of  a  grade  by  use  of  a 
tape  line.  The  tape  is  reefed  through  the  end  ring  or  eye,  and  a 
pin  is  stuck  through  the  tape  at  a  point  beyond  the  12-ft.  mark  such 
that  when  the  pin  just  dears  the  ring  the  12-ft.  mark  will  lie  in  the 
center  plane  of  the  ring.  Tlie  tape  is  creased  at  the  4-ft.  and  9-fl. 
marks  and  is  fastened  to  the  reel  in  such  a  way  that  the  latter 
may  be  used  as  a  plumb  bob.  If  possible,  the  ballast  is  scooped  out 
to  receive  the  reel  hanging  freely  below  the  rail,  as  at  D.  The  tape 
is  tied  to  the  rail  at  A,  the  4-ft.  mark,  and  is  suspended  by  a  string 
or  wire  at  B  with  the  portion  AB  drawn  straight.  The  portion  of 
the  tape  from  the  ring  to  A  is  drawn  straight  and  the  suspension 
of  B  and  C  are  adjusted  so  that  suspended  tape  and  pin  clear  the 
ring.  The  number  of  per  cenL  grade  is  then  approximately  equal- 
to  x/i  in  which  s  is  measured  in  inches.  That  is,  every  half  inch 
between  the  12-ft.  mark  and  the  Surface  of  the  rail  at  G  indicates 
approximately  i  per  cent,  of  track  grade. 

Measurement  of  Grade  by  Accelerometer.  If  a  train  is  stand- 
ing or  moving  at  a  constant  speed  on  a  grade,  an  approximate  value 
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OteaM  Tape  at  9^" 


of  the  grade  may  be  obtained  by  an  accelerometer  (see  Accder- 
ometer,  page  176),  located  on  the  train.  The  accelerometer  may 
be  graduated  to  read  the  number  of  per  cent,  grade  directly.  If 
on  the  improvised  accelerometer  (see  Fig.  45,  page  176)  the  thread 

be  attached  at 
a  point  sH  in. 
from  the  upper 
end  and  the 
upper  end  bent 
until  the  plumb 
thread  again 
cuts  the  3-in. 
point,  each  H 
in.  of  deflection 
will  indicate 
a  p  proximately 
I  per  cent,  of 
grade.  Due  to 
the  fact  that 
the  surface  on 
which  the  ac- 
celerometer 
rests  may  not 
be  parallel  to 
the  plane  of  the 


BUck  Pin 
Thru  Tape 
Jast  below 


Crease  Tape 


Top  of  Ball 


at  4-0" 


Fig.  70. — Method  of  finding  approximate  value  of  grade     track    the   zero 

by  use  or  tape  line.  adjustment     of 

the  accelerometer  shoul^  be  made  while  the  car  on  which  the  accel- 
erometer is  located  stands  on  a  level  track  or  track  of  known  grade. 
Notes  on  Track  Curves.  In  American  practice  a  curve  is  des- 
ignated by  the  number  of  degrees  of  angular  measure  subtended 
at  the  center  of  the  circle  by  a  chord  of  100  ft.  (Fig.  71).  A  i- 
deg.  curve  is  a  curve 
of  such  a  radius  that  a 
chord  of  100  ft.  sub- 
tends a  central  angle 
of  I  deg.,  while  an  «- 
deg.  cur\'^e  has  a  ra- 
dius such  that  a  chord 
of  100  ft.  subtends  a 
central  angle  of  n  deg. 
The  radius  of  a  i- 
deg.  curve  is  5730  ft. 
and  the  radius  of    an 


Fig.  71. — Designation  of  track  curves. 


»-deg.    curve   is   ^^^  ft.    The  maximum  allowable  curvature  on 

n 

new  construction  of  trunk  line  steam  railroads  now  seldom  ex- 
ceeds 3  deg.  In  street  railway  work,  where  curves  of  small 
radius  are  necessary,  the  curves  a"re  often  designated  by  the  radius 
instead  of  the  degree  of  curve. 

Super-elevation  of  Outer  Rail  on  Curves.    On  curves  the  outer 
rail  is  elevated  sufficiently  to  neutralize  the  centrifugal  force  of 
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Table  of  Super-elevation  for  Curves 


Speed  in  miles  per  hour 

Degree  of 
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IS 

the  train,  which  varies  with  the  degree  of  curvature  and  the  speed. 
The  above  table  (Elec.  Jour.,  1908)  gives  the  super-elevation  for 


Middle  Ordinate!  for  Chord  of  30  Feet 


'a 


sF 


i?  *^ 


80  40  50 

Speed  of  Can  in  Mflei  per  Honr 
Fig.  72. — Ohio  Electric  Ry.  chart  for  super-elevation  of  outside  rail  on  curves. 
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different  speeds  and  curvature.  It  is  not  considered  good  practice 
to  elevate  any  curve  more  than  7H  in. 

Fig.  72  shows  a  chart  of  the  super-elevation  of  outside  rail  on 
curves  as  used  by  the  Ohio  Electric  Railway  Company.  The 
chart  bears  the  notation  that  the  speed  of  cars  and'  elevation  of 
outside  rails  should  be  limited  to  figures  of  the  chart  shown  inside 
the  heavy  lines.  Thus,  on  a  4-deg.  curve  the  track  elevation 
should  not  exceed  4^^  in.,  nor  the  speed  of  the  car  more  than  40 
miles  per  hour;  on  a  30Hleg.  curve  the  elevation  should  not  ex- 
ceed 5  in.  nor  the  speed  of  the  car  more  than  16  miles  per  hour. 

Formula  for  Super-elevation.  The  amount  of  super-devation 
of  outside  rail  on  curves  is  given  by  the  following  formula.  This 
formula  is  an  approximate  one,  but  the  error  amounts  to  less  than 
one  per  cent,  in  the  case  of  a  super-elevation  of  9  in.  on  standard 
gage  and  is  proportionately  less  for  other  super-elevations. 

e  =  0.00001165  Gv^n 
where  e  =-  super-elevation  of  outer  rail,  inches 
G  =  gage  of  track,  inches 
V  =  speed  of  train,  miles  per  hour 
n  =  degree  of  curve. 

Rail  Bending.  In  shaping  a  rail  for  use  in  a  given  curve,  it  is 
convenient  to  stretch  a  cord  from  end  to  end  of  the  concave  side 
of  the  head  and  bend  the  rail  until  the  length  of  the  middle  ordinate 
(distance  from  center  of  cord  to  side  of  head)  is  equal  to  the  value 
given  in  the  following  table  for  the  curvature  and  rail  length  in 
hand.  The  middle  ordinate  for  any  other  length  of  rail  or  degree 
of  curvature  within  the  limits  of  the  table  may  be  foimd  by  pro- 
portion. 
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Finding  Degree  of  Curve.  It  is  sometimes  necessary  to  find  the 
degree  of  a  curve  on  a  completed  track;  this  can  be  done  by  the  use 
of  a  tape,  by  the  following  method:  Some  convenient  point  on  the 
outer  rail  as  C  (Fig.  73)  is  selected.  From  the  gage  side  of  the 
outer  rail  at  C,  sight  along  the  gage  side  of  the  inner  rail  on  the  Une 
CS.  The  point  3,  where  the  line  CB  produced  cuts  the  gage  side 
of  the  outer  rail  again,  is  thus  determined,  and  the  distance  AC 
is  measured.  The  length  i4C  is  now  compared  with  the  values 
given  in  the  table  and  the  corresponding  degrees  of  curve  in  the 
table  will  be  the  value  sought. 
The  values  given  in  the  table  for 
AC  are  the  long  chords  corre- 
sponding- to  a  constant  middle  or- 
dmate  (equal  tQ  the  gage  of  the 
track  which,  in  this  case,  is  4  ft. 
8.5  in.).  The  distance  measured 
may  vary  several  feet  from  that 
found  in  the  table  due  to  the  inaccuracy  of  the  alinement  of  the 
track,  but  since  curves  are  nearly  always  made  in  even  degrees, 
except  in  special  cases  where  local  conditions  make  it  necessary, 
the  degree  of  curve  can  almost  always  be  determined  by  the  above 
method  in  a  very  short  time. 


Fig.  73- — Finding  degree  of  curve. 


Table  of  Chord  Lengths  for  Outer  Rail  Corresponding  to 

Middle  Ordinate  of  4  ft.  8h  in. 


Deg.  of  curve 
Length  of  ^C 
in  ft. 


1° 
463 


2" 
328 


3° 
268 


4" 
232 


208 


6° 
190 


7° 
176 


8° 
164 


9" 
155 


10° 
147 


140 


12" 
134 


13° 
129 


14" 
124 


IS" 

120 


l^'Totil  Deflection 
/\   y    An«lo 


Fig.  75. — ^Laying  out  curve. 

Degree  of  Curve  to  Connect 
vTwo  Tangents.    (See  Fig.  74.) 
The  radius  of  a  circular  curve 
required  to  connect  two  tan- 
FiG.  74- — Curve  to  connect  tangents,    gents  may  be  found  by  divid- 
ing the  apex   distance  {P.Ct 
in   Fig.  74)   by  the  tangent  of  one-half  the  total  deflection  *angle. 
Dividing  5730  by  this  radius  gives  the  degree  of  the  curve.    These 
rules  may  be  expressed  as  follows: 
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radius  of  curve  = 


apex  distance 


tan.  H  total  deflection  angle 

,  -  S730  X  tan.  H  total  deflection  anele 

degree  of  curve  =  -^-^ j-- --^ — 

apex  distance 

Laying  Out  a  Circular  Curve  by  Chord  Deflection  Distance. 

(See  Fig.  75,  also  Chord  Deflection  Distance,  below.)  Assuming 
a  chord  length  (100  ft.  is  generally  used),  lay  ofiE  P.C.d  on  the 
tangent  produced  through  P.C,  such  that 

P.Cd  =  V^Cchord  length)*  —  (^^  chord  deflection  distance)*. 
Locate  A  at  the  extremity  of  the  first  chord  so  that  dA  perpen- 
dicular to  P.C.d  is  equal  to  one-half  the  chord  deflection.  Produce 
P.C.A  to  e  so  that  Ae  is  equal  to  the  chord  length.  Locate  B 
so  that  AB  is  equal  to  the  chord  length  and  eB  is  equal  to  the 
chord  deflection.  Produce  AB  to  /  so  that  Bf  is  equal  to  the 
chord  length.  Locate  C  so  that  BC  is  equal  to  the  chord  length 
and  fC  is  equal  to  the  chord  deflection. 

Note  :  Results  sufficiently  accurate  for  many  purposes  may  be 
obtained  by  taking  the  distance  P.C.d  equal  to  the  chord  length 
instead  of  taking  it  equal  to 

V'Cchord  length)*  —  (J4  chord  deflection  distance)* 
Chord  Deflection  Distance. 

(chord  deflection  distance)  =  7 — ^ -. f* 

(radius  of  curve) 

(degree  of  curve)  X  (length  of  chord)* 

5730 

Table  of  Chord  Deflection  Distances  for  ioo-ft.  Chord 


Degree 

of 
curve 

Radius, 
feet 

Chord 

deflection, 

feet 

Degree 

of 
curve 

Radius, 
feet 

Chord 

deflection, 

feet 

I 
3 

3 

S730.0 
2864.9 
1910.I 

1 .  745 
3.490 

5. 235 

21 
22 

23 

274.4 
262.0 
250.8 

36.44 
38.17 
39.87 

4 
5 
6 

1432.7 

1146.3 

9554 

6.980 
8.724 
10.47 

24 
25 
26 

240.  S 
231.0 
222.3 

41.  S8 
43.28 
44.98 

7 
8 

9 

8190 
716.8 
637.3 

12.21 

13.95 
15.68 

27 
28 

29 

214.2 
206.7 
199.7 

46.68 
48.38 
50.07 

10 
II 
la 

573.7 
521.7 
478.3 

17.43 
19.17 
20.91 

30 
31 
32 

193.2 
187. 1 
181. 4 

51.76 
53. 45 
55.13 

13 
14 
IS 

441.7 
410.3 
383.1 

22.64 

24.37 
26.11 

33 
34 
35 

176.0 
171. 0 
166.3 

56.82 

58.47 
60.14 

16 

^7 
18 

359.3 
338.3 
319.6 

27 .83 
29.56 
31.29 

36 
37 
38 

161. 8 
157.6 
153.6 

61 .80 
63.46 
65.11 

19 
30 

302.9 
287.9 

33.01 
34.73 

39 
40 

149.8 
146.3 

66.76 
68.40 
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The  table  on  page  72  gives  chord  deflection  distances  for  loo-ft.  chord 
and  even  degrees  of  curve.  VsJues  of  chord  deflection  for  other 
curvatures  within  the  limits  of  the  table  may  be  obtained  from  the 
table  by  proportion. 

Easement  Curves.  Where  the.  track  passes  from  tangent  to 
curve,  the  direction  and  super-elevation  change  suddenly.  «To 
avoid  the  shock  and  lurch  of  the  train,  due  to  an  instant  change  in 
the  relative  position  of  cars,  trucks,  etc.,  an  easement  is  made  from 
tangent  to  curve.  This  easement  allows  the  train  to  take  the  path 
of  a  spiral,  i.e.,  the  degree  of  curve  increases  at  regular  intervals 
from  tangent  to  curve  until  the  maximum  degree  of  curvature,  or 
that  of  the  simple  curve,  is  reached.  Where  it  is  possible,  the  length 
of  this  spiral  (in  feet)  is  usually  made  fifty  times  the  degree  of  curve 
which  is  being  approached.  The  corresponding  easement  in  eleva- 
tion covers  the  entire  length  of  the  spiral,  being  zero  at  the  begin- 
ning and  increasing  to  the  maximum  super-elevation,  for  the  simple 
curve,  at  the  end  of  the  spiral.  The  following  notes  on  easement 
curves  are  from  a  compilation  by  £.  R.  Cary  of  Rensselaer  Poly- 
technic Institute: 

S*D 

L  = where  L  is  length  of  easement  curve  in  feet,  S  is  speed 

1000  f 

in  miles  per  hour,  Z>,  degree  of  curvature  and  r  is  rate  of  elevating 

outer  rail  in  inches  per  second  of  train  speed,    r  may  vary  from  i 

to  2  in.  per  second.     Nearest  multiple  of  adopted  chord  should  b& 

used  for  L.    Distance  of  beginning  of  spiral  from  vertex  of  curve  is: 

Ts  ==  Tc  +  d  -\-  p  tan.  Vi  /;  where  Tc  is  tan.  dist.  of  circ.  curve 

with  central  angle  of  /,  d  is  approximately  ^L  and  p  =  — j=,  R  is 

radius  of  curvature  of  circular  curve. 

Deflections  from  tangent  through  P.S.  (point  of  spiral)  are  as 
follows: 


Change  of 
curvature 
per  chord 

Deflection  for  chords  of  10  ft.  each 

X 

2 

3 

4 

5 

6 

7 

8 

9 

10 

1 

z 

n 

2 

o*ooJ' 
0*00  ' 
0*00  ' 
o*oo|' 

o*oor 
0*00}' 
0*01'^ 
o*oiJ' 

0*01*' 

0*01}' 

0*02' 

0*01' 
0*01*' 
0*02^^ 
0*02j' 

0*03' 

0*03)' 

0*04^^ 

0*05' 

0*06' 
0*07' 
0*08' 

0*02  J' 
0*03!' 

o*o4i' 
0*05  ' 

o*o6}' 
o*o7f' 
0*09^^ 
0*1 1 J^ 

0*13}' 
o*isi' 
0*18' 

0*04' 
0*06' 
0*08' 
0*10' 

0*12' 

0*14' 
0*16' 
0*20' 

0*24' 
0*28' 
0*32' 

o*o6i' 
o*09l' 

0*I2i' 

0*'lSf' 
o*i8i' 

0*2lf' 
0*25^ 

o*3iJ' 

0*43^' 
0*50^ 

0*09' 
o*i3i' 
0*18^ 
0*22i' 

0*27' 

o*3ii' 
0*36' 

0*45' 

1*03' 
1*12' 

0*12*' 

0*18  ' 

o*24i' 

0*30|' 

o*»36!' 

0*421' 

0*49^ 
l*0ii' 

i*»i3}' 
1*38' 

0*16' 
0*24' 
0*32' 
0*40' 

0*48' 
o*s6' 
1*04' 

1*20' 

1*36' 

1*52' 

2*08' 

0*20*' 
0*30}' 
0*40  ' 
o*sol' 

I*00|' 

i*ior 

1*21' 

i**4ii' 
2*01  i' 

2*2 1  r 

2*42^^ 

0*2S' 
0*37*' 

0*50^ 

1*02*' 
1*15' 

2*05' 
2*30' 

3*20' 

For  other  chords  and  other  changes  curvature  per  chord:  Mul- 
tiply tabular  amount,  for  a  change  of  i  deg.  per  chord  length, 
by  the  given  change  of  curvature  per  chord  and  multiply  the  product 
by  given  chord  -^  10.  For  fractional  chords  multiply  deflection 
found  for  first  chord  by  square  of  fractions  which  represent  dis- 
tances of  points  from  beginning  of  spiral  expressed  in  chords. 
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Laying  Out  Easement  for  Moderate  Speeds.  The  following 
method  of  laying  out  an  easement  curve  is  from  Trautwine*s 
"Field  Practice  of  Laying  Out  Circular  Ciurves  for  Railroads." 
The  process  of  laying  out  the  curve  is  simple  and  the  easement  is 
suffiaently  long  for  moderate  ;speeds  and  curvatures.  Let  xn, 
Fig^  76,  be  jjart  of  the  curve;  and  xs  its  tangent.  Divide  the  diord 
deflection  distance  (see  Chord  Deflection  Distance)  by  10.  The 
quotient  will  be  ex.  Set  every  stake  of  the  entire  curve  inwud  this 
distance,  ex,  so  that  the  curve  shall  be  removed  to  ca.  The  radius 
of  the  curve  is  thus  shortened  by  the  length  ex;  but  this  is  negligible. 
From  X  measure  on  the  tangent  100  ft.  to  s;  and  from  e  measure  50  ft. 
to  the  curve  at  o.  After  stretching  a  cord  from  s  to  0,  lay  off  the 
eleven  equidistant  ordinates,  if  for  rail  laying;  or  only  the  middle  one 


Fig.  76. — Laying  out  easement. 


(6),  or  it  and  the  two  quarter- way  ones  (3  and  9),  if  for  grading. 
(Since  xs  is  always  100  ft.,  and  co  50  ft.,  the  distance  apart  of  these 
eleven  ordina tes  will  always  be  nearly  1 2 . 5  f  t. )  The  orctinates  them- 
selves in  feet  are  foimd  for  any  curve  by  midtiplying  ex  by  the  fol- 
lowing multipliers: 


Ord. 


Mult.         Ord. 


Mult.        Ord. 


Mult.        Ord. 


Mult. 


I 

0.180 

4 

0.64s 

7 

0.97S 

10 

O.71S 

2 

0.3SS 

5 

0.775 

8 

0.990 

II 

0.430 

3 

0.505 

6 

0.890 

9 

0.90s 

Gage  and  Flangeway  on  Curves.  The  following  method  of 
determining  the  minimum  flangeway  required  is  from  a  report  of 
the  Committee  on  Way  Matters  of  the  Am.  El.  Ry.  Eng.  Assn.,  1909. 

Having  a  fixed  rail  groove,  it  is  desired  to  know  S  that  groove 
will  properly  serve  under  given  conditions,  and  if  not,  how  to  alter 
it  to  meet  them.  Without  discussing  the  question  of  wear  on  wheds 
or  rails,  let  us  find  the  minimum  groove  in  which  a  given  wheel 
flange  will  run,  on  the  assumption  that  the  equipment  is  geomet-- 
rically  perfect.  In  a  car  traversing  a  curve,  the  longitudinal  axis 
of  the  car  truck  is  normal  to  the  radius  of  curvature  of  the  track 
drawn  to  the  mid-point  of  the  truck,  the  wheels  being  held  rigidly 
parallel  to  the  axis.  The  portions  of  the  wheel  flanges  which  deter- 
mine the  size  and  shape  of  the  minimum  groove  are  the  portions  be- 
low the  shaded  sections  shown  in  Fig.  77.  The  shaded  areas  are 
sections  of  the  wheels  on  a  level  with  the  wheel-tread.  If  we 
project  these  portions  of  the  flanges  upon  a  radial  plane,  we  ob- 
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tain  the  contours  of  the  minimum  grooves,  as  shown  at  AB.  To 
obtain  these  projections  (see  ABC,  Fig.  78),  pass  a  series  of  planes 
perpendicular  to  the  ajtis  of  the  truck.  They  will  cut  lines,  from 
the  surface  of  the  flange.  Project  these  lines  by  means  of  track 
arcs  upon  the  radial  plane  AB  (shown  rotated  about  line  AB, 
■     "        the  plane  of  the  paper).     The  outline  curve  FCH, 


tangent  b 


0  ail  of  these  proji 
mnumum  groove.  The 
customarily  token  as  the 
intersection  of  a  hori- 
zontal plane  throiwh 
the  tread-lioe  with  the 
head  side  of  the  groove 
produced,  the  rounded 
corner  being  ignored. 
On  this  basis,  the  posi- 
tion of  such  a  gage-line 
for  the  mini  mum  groove 
as  compared  with  a 
gage-line  as  determined 
by  the  standard  gage  is 
determined  as  follows: 


n  Fig.  77,  with  the  mid-point  O  of  the  axle  as  center,  we  describe 
the  cirde  D-E,  of  diameter  equal  to  standard  gage  and  draw  track 
arcs  tangept  to  D-B,  one  on  each  side  and  produce  them  to  A-B 
(Fig.  78),  we  determine  the  position  of  the  standard  gage-line. 
Only  one  such  determination — at  m-n — is  shown  in  Fig.  j8. 
For  wheels  set  to  a.  gage  \i  in.  less  than  standard  gage  and  with 
the  wheel  gage-line  taken  at  a  point  on  the  lillet  of  the  flange  )i 


Fio.  7B.— Flangewa 


it  the  p 

The  Am.  EL  Ry.  Eng.  Assn.  recommends  the  following 
rules  for  determining  ga^  and  fiangeway  on  curves:  Condition: 
Wheel  gage  is  assumed  to  be  A.E.R.E.A.  standard,  namely,  4  ft. 
Em  in.,  t^en  between  fillets  of  flanges,  M  in.  below  treads;  track 
tm,  4  ft.  8H  in. 

Rule  I.     For  A.E.R.E.A.  standard  wheel  flanges  and.one  wheel 
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base  use  standard  track  gage  and  determine  the  minimum  flange- 
ways  required  by  graphical  plotting  of  groove,  cross-section  of 
wheel  flanges,  wheel  base  and  radius  of  curve,  as  described  above, 
allowing  H  in.  extra  width  in  outer  flangeway  for  irregularities 
in  wheel  setting  and  special  work. 

Rule  2.  If  various  types  of  wheel  flanges  or  various  lengths  of 
wheel  bases  are  operated,  determine,  by  graphical  plotting,  the 
inner  flangeways  required  for  both  the  maximum  and  minimum 
conditions.  Use  inner  flangeway  to  suit  maximum  conditions  and 
widen  gage  by  the  difference  between  the  maximum  and  minimum 
width  of  flangeways  as  above  determined.  Make  outer  flangeway 
H  in.  wider  than  minimum  outer  flangeway  for  maximum  conditions 
plus  the  amount  of  the  widening  of  the  gage. 


InddtRAdJos  86 


Fig.  79. — Minimum  grooves  for  Am.  El.  Ry.  Eng.  Assn.  flanges  A  and  B. 

Rule  3.  Rolled  guard  rails  having  too  narrow  flangeways  should 
be  planed  on  gage  side  of  inner  rail  and  on  guard  side  of  outer  rail 
to  obtain  required  width. 

Rule  4.  If  inside  flangeway  be  too  wide,  increase  the  gage  the 
difference  between  the  width  of  the  flangeway  and  the  narrowest 
groove  required.  Make  the  width  of  outside  flangeway  equal  to 
that  required  by  the  maximum  conditions  of  inside  radius,  wheel 
flanges  and  wheel  bases  increased  by  the  difference  in  widths  of  the 
narrowest  and  widest  inside  grooves  as  required  by  the  inside  radius, 
wheel  flanges  and  wheel  bases  and  also  by  He  in.*  thus  main- 
taining approximately  H  in.  allowance  for  irregularities  in  wheel 
settings  and  special  work. 

Rule  5.  In  expressing  specification  for  gages  and  flangeways 
measure  gage  on  a  plane  H  in.  below  the  head  of  rail  at  fillet,  except 
that  when  steam  railroad  wheels  are  to  be  used  give  distance  on 
plane  ^  in.  below  the  head  of  rail,  making  special  notation 
thereof. 

Rule  6 .  Measure  flangeways  horizontally  from  gage-line  opposite 
head  of  rail.     Give  vertical  slope  of  guard  if  rails  are  to  be  modified. 

Mr.  Victor  Angerer  in  a  paper  before  the  Keystone  Railway 
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Club  (1913)  said  that  theoretically  for  track  laid  to  true  gage 
every  combination  of  radius  of  curve  and  wheel  base  of  truck, 
with  a  given  wheel  flange,  calls  for  a  specific  width  of  groove 
to  make  the  inside  of  the  flange  of  the  inside  wheel  bear  against  the 
guard  and  keep  the  flange  of  the  outside  wheel  from  grinding  against 
the  gage-line  and  possibly  mounting  it.  It  is  manifestly  imprac- 
ticable to  provide  guard  rails  with  such  a  variety  of  grooves  or  to 
change  the  grooves  of  the  rolled  rail.  The  usual  minimum  of 
iM«  in.  is  wide  enough  to  pass  the  A.E.R.E.  A.  standard  flanges  on  a 
6-f  t.  wheel  base  down  to  about  45-f  t.  radius,  and  the  maximum  width 
of  i»H«  in.  down  to  about  35-ft.  radius.  On  curves  of  larger  radius 
the  excess  width  should  be  compensated  for  by  a  corresponding 
widening  of  the  gage.  If  the  groove  in  the  rolled  rail  is  too  narrow 
for  given  conditions,  it  must  be  widened  by  planing  on  the  head 
side  of  the  inside  rail,  to  preserve  the  full  thickness  of  the  guard,  and 
on  the  guard  side  of  the  outside  rail  to  preserve  the  full  head.  Un- 
usual wheel  bases  such  as  8  ft.  or  9  ft.  may  require  widening  of  the 
gage  on  some  curves.  This  widening  of  gage  is  necessary  only  to 
bring  the  guard  into  play  when  the  groove  is  too  wide  for  some  one 
combination  of  wheel  and  flange.  In  T-rail  curves  the  guard  is 
formed  of  a  rolled  shaped  guard,  or  a  flat  steel  bar,  bolted  to  the 
raU.  In  special  work  and  curves  in  high  T-rail  track  a  girder  guard 
rail  is  often  used.  This  is  desirable,  as  it  gives  the  solid  guard  in 
one  piece  with  the  running  rail.  The  idea  that  a  separate  guard 
can  be  renewed  when  it  is  worn  out  does  not  work  out  in  practice,  as 
it  is  usually  the  case  that  when  the  guard  is-  worn  the  running  rail 
is  also  worn  to  such  an  extent  that  it  will  soon  have  to  come  out 
also.  The  only  drawback  to  the  girder  guard  rail  in  high  T-rail 
track  is  the  compromise  joint  between  the  two.  This,  however, 
may  be  properly  cared  for,  as  described  elsewhere. 

Hard  Center  and  Solid  Manganese  Special  Work.  In  such 
special  work  as  frogs  and  crossings  at  the  present  prevailing  prices, 
few  lines  can  afford  anything  less  durable  for  tracks  in  paved  streets 
than  **hard-center'*  work.  In  this  special  work  the  pieces  are  formed 
of  rails  held  together  by  a  casting  mto  which  they  are  partly  fused 
or  welded,  or  they  are  made  of  an  entire  steel  casting.  In  either 
case  a  recess  is  left  in  the  central  part  into  which  a  hard  metal  plate 
is  set  and  fastened  in  various  ways.  The  best  metal  for  the  centers 
is  manganese  steel,  although  some  work  is  still  made  with  chrome  or 
tool  steel  centers.  On  account  of  the  difficulty  of  machining 
manganese  steel  and  because  heating  it  to  some  marked  degree 
destroys  its  toughness  and  wearing  quality,  certain  limits  are 
placed  on  the  methods  of  applying  and  fastening  manganese  steel 
castings  as  centers  in  the  main  body  of  the  special  work.  One 
method  is  to  use  a  pendent  lug  and  key  going  through  the  lug  ahd 
body,  pulling  the  center  down  into  the  recess.  Another  is  to  use  a 
combination  of  wedges  applied  to  the  edge  of  the  center  and  between 
it  and  the  wall  of  the  body  portion.  Another  method  is  by  use  of  a 
nut  and  brass  set  screw  between  horizontally  extending  lugs  on  the 
center  and  corresponding  recesses  in  the  body  portion;  and  still 
another  is  the  metnod  of  simply  bolting  down  the  center  by  vertical 
bolts  running  through  both  the  body  and  center  plate.    In  all 
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except  the  last-mentioned  method,  zinc  or  spelter  is  poured  in  be- 
tween the  lower  side  of  the  center  and  the  body.  In  the  bolted- 
down  center  zinc  is  also  used  in  the  same  way  in  some  cases,  while 
in  others  the  under  surface  of  the  center  and  the  top  surface  of  the 
recess  are  finished  by  grinding  and  planing,  and  the  two  pieces  are 
bolted  together  without  the  zinc  centers.  Much  stress  has  been 
laid  on  the  so-called  renewability  feature  of  special  work,  but  any 
mechanically  jointed  center  that  is  easily  detachable  would,  when 
put  under  repeated  strains,  be  likely  to  detach  itself.  On  the  other 
hand,  this  renewability  feature  has  been  applied  very  little  in  prac- 
tice, as  where  centers  are  renewed  on  account  of  wear,  it  is  very 
difficult  to  make  a  good  job  out  of  the  surfaces,  even  by  a  very  laige 
amount  of  grinding  of  the  adjoining  parts  on  account  of  the  neces- 
sarily unequal  wear  on  the  two  sides  of  the  raiL  A  good  manganese 
steel  center  should  outlast  the  adjoining  portion  of  the  body  or  rails, 
particularly  the  curved  portions  which  exist  in  nearly  every  ^ece 
of  special  work.  The  wearing  out  of  those  portions  of  special  pieces 
which  had  been  made  of  ordinary  rail  outside  of  the  manganese  steel 
center  led  to  the  introduction  of  solid  manganese  steel  special  work 
in  which  the  entire  frog,  crossing  or  other  piece  was  made  in  one 
manganese  steel  casting  with  the  arms  cast  and  ground  to  corre- 
spond to  the  shape  of  the  adjoining  rail  and  joined  to  it  with  the 
regular  joint  plate.  The  main  drawback  is  the  greater  cost,  but  in 
many  cases  the  severity  of  traffic  will  warrant  the  greater  initial 
outlay. 

Frogs  and  Crossings.  In  the  construction  of  frogs  and  crossings 
of  either  the  hard-center  or  solid  type,  the  bottom  of  the  grooves 
should  be  raised  so  that  the  wheel  when  crossing  the  intersecting 
groove  will  have  a  simultaneous  bearing  of  the  flange  on  this  raised 
floor  and  on  part  of  the  tread,  this  flange  bearing  being  a  necessity 
with  narrow  tread  wheels.  If  the  whed  treads  are  wide  enough  to 
span  the  intersecting  groove  and  still  leave  a  good  amount  of  bear- 
ing of  the  wheel  tread  on  the  running  surface  and  wide  enough  so 
that  when  crossing  a  groove  at  right  angles  the  blow  may  be  dis- 
tributed on  a  considerable  area,  this  flange  bearing  is  not  necessary. 

Switch  Tongues  and  Mates.  The  above  general  remarks  regard- 
ing the  construction  of  frogs  and  crossings  also  apply  to  the  mates 
with  tongue  switches.  A  solid  manganese  castmg  for  the  body 
portion  particularly  recommends  itself  in  the  tongue  switch.  The 
important  factor  in  the  switch  is  the  tongue  bearing  or  pivot  which 
should  be  constructed  to  hold  the  heel  of  the  tongue  steady  and  to 
give  the  greatest  possible  resistance  against  the  knocking  down  of 
the  tongue  at  the  heel  end.  It  must  also  have  means  of  taking  up 
the  wear  so  as  not  to  allow  the  tongue  to  get  too  loose  and  still  it 
must  work  loosely  enough  to  permit  throwing  devices,  like  electric 
track  switches,  to  move  the  tongue  under  aU  conditions.  Special 
attention  must  be  given  to  the  tongue  switch  to  take  up  wear  as  it 
occurs.  The  tongue  is  now  usually  reinforced  by  lateral  flanges 
against  the  thrust  of  the  weight  of  the  cars.  Tongue  locks,  which 
are  devices  in  which  a  spring  holds  the  tongue  in  one  or  the  other 
position,  should  not  be  necessary  in  a  properly  constructed  tongue 
switch  if  the  bearings  are  kept  as  snug  and  tight  as  they  should  be, 
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but  are  safeguards  against  a  tongue  which  is  too  loose  or  which  has 
tendencies  of  accidental  throwing  between  trucks. 

Special  Work  for  Standard  T-RaiL  In  standard  T-rail  for  un- 
paved  streets  practically  the  same  details  of  construction  are  fol- 
lowed in  the  various  special  pieces  as  in  girder  rail  and  high  T-rail 
work,  except  that  the  low  T-rail  gives  a  better  opportunity  for  the 


Fig.  8o. — loo-ft.  inside  radius  switch  pieces  with  broken  joints. 

use  of  solid  magnanese  steel  pieces  at  no  marked  increase  in  cost 
over  hard-center  work.  A  class  of  hard-center  work  used  in  con- 
nection with  standard  T-rail  is  known  as  insert  work.  In  this  con- 
struction the  main  portion  of  the  special  piece  is  buUt  up  of  rails, 
and  a  small  manganese  steel  casting,  which  corresponds  in  extent 
to  the  center  plate  of  hard-center  work,  is  bolted  in  between  the  rails. 
The  cost  of  this  is  not  much  less  than  that  of  the  solid  manganese 
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Fig.  8 1. — Dimensions  of  Am.  £1.  Ry.  Eng.  Assn.  switches  and  mates. 

work,  however,  and  the  latter  is  therefore  preferable  in  new  work. 
Inserts  find  their  best  places  in  repair  work  where  the  lengths  of  the 
original  pieces,  often  of  ordinary  bolted  construction,  must  be 
adhered  to  and  whera  solid  manganese  steel  pieces  may  become  too 
expensive  because  of  additional  length.  Little  orc&nary  bolted 
work  is  now  used  in  T-rail  track  on  public  highways  except  in  places 
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where  the  traffic  is  unimportant  or  the   headway   infrequent, 

and  sometimes  iudde  of  cathouses.  In  standard  T-rail  work  on 
private  rights^f-way  where  steaqi  railroad  practice  can  be  followed 
the  ordinary  frogs  and  split  switches  should  be  used  for  the  sake  of 
economy.  However,  where  traffic  on  such  lines  is  very  heavy, 
manganese  steel  frogs  of  either  the  solid  or  rail-bound  type  and  spht 
switdies  with  manganese  steel  points  should  be  used.  If  the  wheels 
on  such  roads  have  a  narrow  tread,  provision  must  be  made  for 


niir 


flange  bearings  in  frogs  and  crossings,  thereby  distir^uishing  the 
work  from  the  regular  style  of  steam  railroad  work.  In  the  ordi- 
nary bolted  frogs  and  in  Uie  fixed  line  of  spring  frogs  this  is  usually 
done  by  making  the  filler  between  the  raib  of  steel  and  carrying  it 
up  to  Uie  necessary  height  of  the  groove. 

Dimensiona  of  Switch  Tongues,  Mates  and  Frogs.    Fig.  80  shows 
100-ft.  inside  radius  switch  pieces  with  joints  broken,  and  a  table 
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(Fi^.  Si)  gives  the  guiding  dimensions  of  switches  of  different 
radii  as  recommended  by  the  Am.  El.  Ry.  Eng.  Assn.  It 
appears  that  a  loo-ft.  radius  switch  is  satisfactory  for  many  urban 
roads  and  its,  possibiUties  are  shown  in  Fig.  8s,  wluch  is  a  portion  of 
one  layout,  in  which,  under  many  conditions,  1S6  standard  switches 
and  mates  are  utilized  Another  table  (Fig.  83)  gives  a  list  of 
A.E.R.E.A.  recommended  frogs  for  turnouts  and  cross-overs,  desig- 
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Dating  the  frogs  by  numbers  following  stesm  road  practice 
the  Irog  Dumberis  the  rstio  of 
the  length  from  the  theoret- 
ical point  to  the  heel  to  the 
pread  between  the  gage^lines 
at  theheel  (Fig.  88).  Fig.  84 
shows  a  100-ft.  radius  switch 
apphed  to  make  up  a  stand- 
ard cross-over.  It  is  inter- 
esting to  note  that  from  the 
records  of  one  of  the  large 
manufacturers  it  is  shown 
that  over  half  of  all  the 
switches  ordered  were  of  loo- 
ft.  radius,  also  that  very 
few  of  the  street  railway 
companies     favored     spiral 

Open  Track  Point  Switcb. 
As  shown  in  Fig.  86,  the 
outer  rails  of  the  track  as~ 
seen  in  fadng  the  turnout 
are  continuous,  one  along 
the  main  track  and  the  other 
as  the  inner  lead  rail  of  the 
turnout;  each  fa  kinked 
slightly  to  protect  the  points 
of   the    switch   rails   which 


rails  are  bent  and  planed  so 
that  the  gage  side  of  the  head 
will  be  straight  and  the  other 
side  conform  to  a  given 
spread  at  the  heel  and  thick- 
ness at  the  point  without 
cutting  away  the  web.  The 
Committee  on  Track  of  the 
Railway  Engineering  Asso- 
ciation, igii,  recommends  a 
spread  of  6n  in.  between 
gage-lines,  a  throw  of  5  irt 
at  the  first  rod  and  a  thick- 
ness of  H  In.  at  the  point 
which  is  afterward  ground 
to  H  In.  and  the  top  corner 
rounded.  A  K-in.  reinforc- 
ing bar  is  riveted  to  the  web 
on  each  side  and  carried  back 
its  far  as  the  heel  connections 
will  permit.  The  bottom  of 
the  switch  rail  is  planed  to 
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fit  on  base  oF  stock  rul  where  bases  ovetl&p,  Fig.  87a.  Stop  blocks 
are  used  as  shown,  Fig.  S6,  to  support  the  free  portion  of  the  switch 
rail  from  the  stock  rail  which  has  a  brace  at  each  tie.  The  support- 
ing plates  for   the  two  rails  are  planed  with  a  step  to  raise  the 


top  of  the  switch  rail  H  in.  to  provide  for  hollow  tires.  The  top 
of  the  switch  rail  is  planed  down  to  be  M  in.  lower  than  the  stock 
riul  and  this  planing  runs  out  01  rises  M  in-  in  the  following  distances : 

Length  of  switch  rail  Length  of  planing 


iTranged  for  cutting  from 


46. — open  tract  pi 


The  committee  claims  that  when  the  corresponding  switch  angle 
exceeds  one-fourth  the  frog  angle,  the  switcK  point  presents  the 
worst  feature  in  the  alinement  and  there  is  an  economic  loss  both  in 
snace  occupied  and  in  cost  of  turnout.  On  this  basis  the  cc 
recommends  the  following  lengths  of  switch  points: 
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Frogs  Nos.  8,  ii  and  i6  are  recommended  as  meeting  all  general 
requirements  tor  yards,  main  track  switches  and  junctions,  with  the 
object  of  eliminating  other  numbers  and  reducing  the  stock  pile. 
The  lengths  shown  in  the  drawings  submitted  are  ij!'^,  17M  and 
24  ft.,  respectively,  for  the  three  numbers.     The  rails  are  all  bolted 
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frog 

through  the  webs,  u^g  fillers  or  washers  for  spacers,  while  for  the 
rigid  tiogs  the  rail  bases  are  riveted  to  a  plate. 

The  standardrigidfrog,  with  the  various  dimensions,  isshown  by 
Fig.  88. 

The  Bprii^  frog  is  used  for  main  line  work  where  there  is  but  little 
traffic  on  the  side  track  on  account  of  the  better  support  of  the  wheel 
treads  at  the  fiog  point.    For  the  side  track,  the  spring  yields  to 
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the  pressure  at  the  wheel  flanges  and  the  frog  acts  otherwise  like  a 
rigid  fr<^.  With  hollow  treads  the  wings  receive  heavy  blows  from 
wheels  coining  in  the  direction  to  reach  the  heel  or  wings  first  unless 
the  latter  are  chamfered  to  inclined  planes  as  shown  in  Fig.  87.  To 
protect  the  frog  point  and  prevent  derailments,  a,  guard  rail  is 
necessary  on  each  track  with  a  flangeway  of  about  iH  in.  to  guide 
the  wheels  past  the  frog.  Where  the  turnout  is  on  the  outside  of  a 
curve,  a  guard  rail  15  often  placed  in  advance  of  the  switch  point 
to  prevent  the  flanges  from  crowding  and  possibly  getting  behind 
the  point  when  set  for  main  track.  Cutting  the  side  track  point 
about  2  ft.  short  allows  the  guard  rdl  to  reach  more  nearly  opposite 
the  main  track  point. 

For  the  switch  ties,  if  spaced  about  20-in.  centAs,  with  two 
7  by  lo-in.  by  14-ft.  ties  for  the  head  block  and  7  by  9-in.  ties  for 
the  others,  there  will  be  required  on  the  basis  of  8  ft.  length  for 
single  track  about  as  follows: 

No.    a  troE,  i6(*.ft.  switch  rail ITOO  ft.  B.M, 

No.  II  frog,  i3-ft.  switch  rsil 3S50  ft.  B.M. 

No.  16  troB.  J3-fl-  switch  nil 5000  ft.  B.M. 

The  cost  of  switch 
stands,  including 
rods,  lamps,  etc.,  is 
about  from  (25  to 
{30,  and  the  labor 
cost   of    laying  and 

:   surfacing,  S50. 

[  Crossmgs.  The 
crossing  of  electric 
railways  with  steam 
railways  forms  a  dis- 
tinct class  of  special 
iwork  and,  owing  to 
the  extreme  weight 
of  steam  trains,  the 
wear  of  such  a  cross- 
ii^  is  hardly  com- 
parable with  other 
electric  railway 
special  work. 
These  crossings  are 
sometimes  built  up 
of  rail  sections  with 
or  without  hard  cen- 
ter or  inserts,  or  at 
:   made  of 


castings.  The  main- 
tenance of  track  in  good  alineraect  and  surface  at  grade  cross- 
ings is  a  difficult  matter  in  most  cases,  owing  to  the  tendency  of 
the  traffic  to  shift  the  crossing  out  of  position  as  well  as  to  crush 
the  ballast  which  supports  it.  A  solid  concrete  base  has  been  tried, 
but  this  was  found  to  be  too  rigid,  and  an  interesting  development 
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is  the  use  of  steel  longitudinals  to  carry  the  rails  at  the  crossing, 
these  being  connected  to  form  a  unit  structure,  so  that  the  rails  are 
maintained  permanently  in  proper  position.  Such  a  steel  sub- 
structure for  the  grade  crossing  between  the  Indiana  Union  Traction 
Company  and  the  two  parallel  main  tracks  of  the  Cleveland,  Cin- 
cinnati, Chicago  &  St  Louis  Railroad  at  Munde,  Ind.  is  described 
in  the  Engineering  News  (1913)  and  shown  in  Fig.  89.  This  cross- 
ing carries  a  heavy  daily  trafl&c  of  electric  cars  and  steam  trains. 

Each  raiLis  carried  on  a  longitudinal  of  two  6-in.  channels  16  in. 
apart,  with  flanges  outward,  connected  at  top  by  a  continuous 
20  by  Me-in.  plate  and  at  the  bottom  by  straps  or  batten 'plates 
4  by  Me  in.  and  2  ft.  apart.  Both  ends  of  each  piece  are  closed  by 
a  6-in.  transverse  channel,  riveted  to  the  longitudinal  channels  by 
short  angles  or  bent  plates,  thus  forming  a  complete  box.  About 
3  weeks  before  this  substructure  was  installed,  each  longitudinal 
was  filled  with  concrete,  in  which  light  reinforcing  rods  were 
imbedded.  The  rail  fastenings  consist  of  grooved  clips  fitted  to 
holes  in  the  cover  plates  of  the  longitudinals,  the  groove  embrac- 
ing the  top  of  the  rail  flange  and  the  bottom  of  the  cover  plate. 
When  the  clip  is  driven  into  p>osition  a  steel  key  is  fitted  behind 
it,  filling  the  hole  and  preventing  the  clip  from  working  loose. 
It  is  stated  (19 1 5)  that  the  crossing  is  in  good  condition  and  that 
the  total  maintenance  cost  for  2  years  has  been  but  $46.43. 

Portable  Cross-over.  In  many  cases,  due  to  reconstruction 
work  on  one  side  of  a  double  track,  or  to  enable  a  temporary  terminal 
to  be  established  on  a  double-track  line  to  meet  temporary  traffic 
conditions,  or  for  other  reasons,  it  is  desirable  to  install  a  temporary 
cross-over  between  the  two  tracks  of  the  double-track  line.  Such  a 
portable  cross-over  aB  used  by  the  Detroit  United  Railway,  is  de- 
scribed in  the  Electric  Railway  Journal,  191 1,  and  shown  in  Fig.  90. 
The  cross-over  is  made  of  7-in.  "guaranteed"  construction  with 
run-oflfs  at  each  end  of  70-lb.  rail.  It  is  put  together  with  iron  spac- 
ing bars  with  a  shoulder  on  each  end  and  a  drive  key  on  the  outside 
of  the  rail.  By  the  use  of  the  key  the  cross-over  can  be  put  together 
and  taken  apart  in  a  very  short  time.  Flanged  shoes,  attached  to  the 
bottom  of  the  rails,  hold  the  cross-over  at  its  proper  place  on  the 
track  and  are  also  used  for  sliding  the  cross-over  on  the  track  rails. 
As  the  cross-over  is  of  such  weight  that  it  cannot  be  pushed  by  a 
car,  it  is  not  necessary  to  fasten  it  to  the  track  in  any  manner.  The 
cross-over  while  in  use  in  Detroit  has  been  moved  from  place  to  place 
on  lines  where  cars  are  operated  on  a  headway  of  i  minute  without 
delay  to  the  regular  cars.  The  cross-over  is  pulled  by  the  regular 
cars  on  lines  where  these  cars  have  a  four-motor  equipment.  On 
lines  which  have  not  this  equipment  construction  cars  are  sent  out 
to  shift  the  cross-overs  when  necessary.  With  the  old  type  of  surface 
cross-over  it  was  found  that  the  expense  of  moving  from  one  location 
to  another  was  $8  for  labor  and  $4  for  material  and  repairs  to  the 
pavement.  The  sliding  cross-over  is  moved  from  one  location  to 
another  for  a  total  expense  of  $2,  making  a  saving  in  each  movement 
of  $10.  The  total  saving  due  to  the  introduction  of  this  type  of 
cross -over  on  the  Detroit  city  lines  is  estimated  at  about  $4000  per 
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year.  The  new  cross-over  has  been  found  to  be  more  reliable  than 
the  old  surface  form  and  less  of  a  disturbance  to  the  operation  of  cars. 
Derailments  from  its  use  are  unknown. 

A  later  type  of  this  cross-over  is  built  of  8o-lb.  A.S.C.E.  rail 
with  standard  angle  bar  joints.  The  frogs  are  of  solid  manganese 
type  and  the  tongue  and  mates  of  hard-center  manganese  con- 
struction. The  cross-over  is  provided  with  rail  inserts  of  various 
lengths  to  accommodate  variations  in  distance  between  tracks. 

Derailing  Switches.  Derailing  switches  may  be  used  as  addi- 
tional safety  devices  in  connection  with  interlocking  plants  at  grade 
crossings,  at  the  ends  of  side  tracks  and  at  other  points  where  it  is 
imperative  that  cars  or  trains  do  not  pass  a  given  point  except  under 
certain  exact  conditions.  Under  favorable  conditions  cars  may  be 
expected  to  start  unaided  on  a  grade  of  about  Mo  of  i  per  cent.,  but 
wind  will  start  cars  down  an  easier  grade,  and  heavy  wind  may  start 
them  on  level  track.  The  setting  of  brakes  should  not  be  depended 
upon  to  hold  cars  that  are  left  alone;  consequently,  wherever  there 
is  likelihood  that  cars  on  side  track  may  start  from  gravity  or  be 
blown  or  easily  pushed,  the  only  safe  policy  is  to  provide  for  derail- 
ing them  before  they  can  get  far  enough  to  obstruct  main  track. 
A  derailing  switch  may  consist  of  a  single  moving  rail  connected 
with  a  switch  stand,  although  sometimes  two  moving  rails  will  be 
used,  as  in  the  stub  switch.  The  rails  should  be  set  to  guide  the 
wheels  away  from  the  main  track.  Switch  points  for  derails  may  be 
made  more  blunt  than  those  commonly  used  in  turnouts,  but  for 
derails  in  side  tracks  old  point  rails  too  badly  worn  for  main  track 
service  may  be  used.  The  throw  of  the  switchpoint  should  be  such 
that  a  derailed  wheel  may  pass  between  the  point  and  stock  rails 
without  spreading  them  apart,  and  at  the  heel  of  the  point  rail  the 
nuts  of  the  splice  bolts  should  come  on  the  gage  side.  In  side 
tracks  much  used  the  derails  should  be  connected  with  the  main 
line  switch  or  switch  st%nd,  so  that  the  operation  of  closing  the 
switch  for  main  track  opens  the  derail,  and  vice  versa.  This  con- 
nection is  usually  made  by  means  of  throw  rods  and  bell  crank. 
There  are  also  various  special  forms  of  derailing  devices  other  than 
the  common  ones  mentioned  above.  Wherever  a  derail  is  used  on 
main  track  it  is  desirable  to  prevent,  as  far  as  possible,  the  ditching 
of  derailed  trains.  In  order  to  hold  the  wheels  to  the  ties  a  long 
^guard  rail  should  be  laid  on  the  track  about  8  in.  from  the  oppo- 
site rail,  extending  from  a  point  in  advance  of  that  where  the  wheels 
are  derailed. 

Catch  Sidings.  For  stopping  runaway  cars  or  trains  on  heavy 
grades  without  derailing,  resort  is  sometimes  had  to  catch  sidings. 
Camp  gives  an  example  of  such  provision  as  found  on  the  Canadian 
Pacific  road  between  Hector  and  Field,  B.  C,  near  the  summit  in  the 
Rocky  Mountains,  where  there  is  a  9-mile  grade  of  4.4  per  cent. 
Along  this  grade  there  are  spur  tracks  or  "bhnd  sidings  i  mile 
apart,  each  tended  by  a  switchman.  Each  spur  track  runs  up  into 
the  mountain  side  several  hundred  feet  on  a  very  steep  grade  which 
rises  in  the  direction  in  which  the  grade  of  the  main  track  falls. 
Normally  the  switches  are  all  set  for  the  side-track  and  are  not  closed 
for  main  track  unless  called  for  by  whistle.     Hence,  if  a  train  or 
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detached  cars  get  beyond  control  and  come  down  the  grade  they  are 
diverted  to  a  heavy  up  grade  at  the  tot  switch,  without  giving  any 
signal.  As  the  speed  at  which  the  runaway  cars  are  liable  to  enter 
such  a  siding  is  high  the  curvature  of  the  turnout  should  be  easy  and 
the  angle  of  the  switch  points  small.  Wherever  it  is  feasible  to  do  so, 
it  would  be  well  to  have  the  switches  for  such  sidings  turn  from  the 
outside  of  a  curve  in  main  track.  This  arrangement  would  permit 
of  easy  curvature  in  the  turnout,  or  perhaps  enable  the  turnout  to 
branch  off  at  a  tangent.  In  lieu  of  the  up-grade  arrangement  the 
catch  siding  is  sometimes  buried  in  sand  to  the  depth  of  a  few  inches 
over  the  r^ls.  Sand  tracks  are  more  common  in  Europe  than  in 
this  country.  A  cross-sectional  view  of  a  sanded  catch  siding  in  use 
at  Dresden,  Saxony,  is  shown  in  Fig.  91.  The  rails  of  the  diverting 
track  are  laid  gauntlet  fashion;  on  the  same  ties  with  the  main  rails, 
and  the  stretch  of  diverting  track  is  provided  at  both  ends  with  a 
switch  for  connecting  with  the  main  Une.  Guard  timbers  or  angle 
irons  for  retaining  the  sand  are  placed  at  both  sides  of  each  rail  of 
the  siding,  which  gradually  dips  deeper  until  it  is  covered  by  2  or  3 
in.  of  sand.  The  arrangement  is  considered  very  efficient  for  the 
purpose.  In  this  particular  instance  the  catch  siding  is  1640  ft., 
long  and  1148  ft.  of  the  same  is  covered  with  sand.  In  very  dry 
weather  the  sand  is  kept  damp.  The  braking  effect  of  sand  sidings 
is  discussed  in  "Engineering"  (London,  England,  1897),  and  in  the 
Bulletin  of  tlie  Internation^  Railway  Congress  (1899).  The  Street 
Railway  Journal  (1906)  gives  the  results  of  a  series  of  tests  on  a 
catch  siding  as  installed  on  the  New  Jersey  &  Hudson  River  Ry. 
&  Ferry  Company's  line,  where  the  catch  siding  is  located  on  a  7 
per  cent,  grade  and  the  approach  of  the  sand  track  for  a  distance 
of  1500  ft.  is  also  a  7  per  cent,  grade.  The  catch  siding  is  180 
ft.  long.  The  car  used  in  making  the  test  was  one  of  the  com- 
pany's standard  closed  cars,  weighing  22  tons  and  equipped  with 
M.C.B.  trucks  and  33-in.  cast  wheels.  The  results  of  the  tests 
were  as  follows: 


No.  of 
test 

Speed 

M.P.H. 

entering 

sand 

track 

Depth  of  sand 
over  head  of  rail 

Distance 
car  ran 

Remarks 

No.  I 
No.  2 

No.  3 

No.  4 

14. S 

19. s 

IS.O 
23.0 

2}4  in. 
2Hin. 

80  ft.  of  H  in. 
40  ft.  of  2^^  in. 

80  ft.  of  I  in. 
100  ft.  of  2H  in> 

• 

Soft. 
180  ft. 

120  ft. 
180  ft. 

Free  rolling. 

Front  truck  left  track 
when  leaving  sanded 
section,  after  slight  ap- 
plication of  air  brakes. 

Free  rolling. 

Brakes   set   and   wheels 
slid   on  last   40  ft.   of 
test,  leaving  a  coating 
of  sand  H  in.  on  rail. 

On  this  road  in  climbing  the  sides  of  the  Palisades,  the  tracks  take 
a  zigzag  course  up  the  face  of  the  cliff  and  ascend  at  an  average  grade 


0  ELECTRIC  RAILWAY  HANDBOOK 


of  about  7  per  cent.  The  catch  sidings  are  installed  od  all  the  steep- 
est grades  and  the  switches  are  always  left  open  so  that  it  is  neces- 
sary for  a  car  to  come  to  a  dead  stop  at  this  point,  and  for  the  con- 
ductor to  get  off  to  throw  the  switch  for  the  main  line.  An  auto- 
matic tripping  mechanism  is  used  whereby  the  car,  after  opening 


Fig.  HI.— New  York  Rapid  Truuit  Subway.     Typical  4-track  section  abr 

I  ■  I 


Pig.  03. — New  York  Rapid    Transit    Subway.     Typical   1-track  b 


FlG.^4.— Hudionft  Maohati 


SUBWAY  AND  TUNNEL  SECTIONS 


Fio.  eB.— Market  St.  subway,  Philadelphia. 
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latically  resets  the  switch   point   for    the  catch 


the  switch,  i 

Electric  Track  Switches.    In  the  operation  of  the  Cheatham 

switch,  the  car  ia  run  under  a  trolley  pan  (placed  a  little  more  than 
a  car  length  in  front  of  the  switch  point)  with  current  on  if  it  is 
desired  that  the  switch  be  set  in  one  direction,  or  with  current  oS 
if  it  is  to  he  set  in  the  other  direction.     Referring  to  Fig.  loS,  assume 


Fig.  104- — Hamburg  subway  in 
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that  the  car  is  u^n^  current  as  it  passes  under  the  pan.  As  the 
trolley  wheel  strikes  contact  E  of  the  pan,  the  current  used  passes 
through  solenoid  A,  the  plunger  of  which  throws  the  circuit  changer 
F  into  contact  with  plate  G;  as  the  trolley  wheel  proceeds,  it  makes 
contact  with  C,  and  current  (or  operating  the  switch  point  passes 
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from  the  trolley  wire  through  D,  solenoid  A,  E,  trolley  wheel  C, 
resistance  /,  F,  G,  and  solenoid  R,  to  ground,  solenoid  R  moving 
the  switch  point  to  the  right  (in  this  case)  through  switch  rod  S. 
To  set  the  switch  point  for  the  other  direction,  the  car  takes  no 
current  (except  lights  and  heater  circuits)  as  it  passes  under  the 
pan;  these  auxiliary  circuits  require  insufficient  current  to  operate 
solenoid  A,  the  drcuit  changer  F  remains  in  contact  with  U^  and 
current  flows  from  trolley  through  D,  A,  E,  C,  J,  Fy  H,  solenoid  B 
and  solenoid  L  to  ground,  solenoid  L  moving  the  switch. point  to 


Pole  Box 


Pan       lyoUey  Wheel 


Groand 


Fig.  108. — Cheatham  electric  track  switch. 

/ 

the  left  (in  this  case).  As  current  flows  through  solenoid  B,  its 
plunger  raises  the  weight  T^  slowly  against  the  damping  effect  of 
mercury  in  the  cup  Jlf ,  and  if  current  flows  for  an  abnormal  length 
of  time,  as  in  case  of  a  car  at  a  standstill  with  trolley  wheel  in  pan, 
the  tripper  arm  H  is  raised,  allowing  the  circuit  changer  F  to  fly  back 
and  open  the  drcuit  between  F  and  H. 

The  operation  of  the  Squiers  electric  track  switch,  as  shown 
by  Fig.  109,  requires  the  installation  of  two  section  insidators  in  the 
trolley  wire.  The  isolated  section  of  troUey  wire,  C,  is  from  4  to 
10  ft.  in  length,  and  is  so  placed  that  the  trolley  wheel  passes  over 
it  m  approaching  the  switch.  If  a  motorman  desires  to  throw  the 
switch,  ne  uses  power  as  his  trolley  wheel  passes  over  the  isolated 
section  of  trolley  wirej  if  he  wishes  the  switch  to  remain  in  the  posi- 


SECTION  n 

BUILDmGS 

While  it  is  not  possible  within  the  limits  of  this  volume  to  go  into 
any  great  detail  on  the  matter  of  buildings,  it  has  been  thought 
desirable  to  include  some  notes  on  the  design,  particularly  of  car 
houses,  from  typical  structures  and  from  the  reports  of  the  Am. 
El.  Ry.  Engi  Assn.  commiltees  on  Car  House  Design  (1908)  and 
on  Buildings  and  Structures  (191 1),  as  well  as  some  notes  on  the 
layout  of  tJhe  repair  shop  which  appeared  in  the  Electric  Railway 
Journal,  19 12. 

Layout  of  Tracks  for  Car  House 

Grade  of  Tracks.  The  grade  of  tracks  in  the  car  house  should  be 
somewhat  above  that  of  the  tracks  in  the  street  to  prevent  the 
entrance  of  water  into  the  house. 

Convesiicaice  of  Operating.  In  an  operating  car  house  the  sav- 
ing of  time  is  of  paramount  importance,  and  the  special  work  should 
be  so  planned  that  the  incoming  and  outgoing  cars  will  not  interfere 
with  each  other,  and  the  tracks  should  be  constructed  in  the  best 
manner.  In  a  storage  house  inconvenience  and  loss  of  time  may  be 
tolerated,  and  here,  for  the  sake  of  safety  on  the  main  line,  trailing 
switches  are  preferred  by  many  roads. 

Car -house  Track  Layouts.  Figs,  i  to  12,  inclusive,  illustrate 
special  work  designed  to  meet  certain  conditions.  Where  conven- 
ient to  have  it,  a  Y  incorporated  in  the  special  work  will  permit 
the  operation  of  cars  from  one  end,  as  is  necessary  with  cars  of 
some  designs  and  is  convenient  when  operating  service  and  other 
cars  in  tandem.  This^ame  object  can  be  attained  by  a  loop,  which 
is  more  convenient  but  not  always  feasible,  owing  to  a  lack  of  room. 
Fig.  I  shows  a  track  layout  where  the  car  house  is  built  on  the  street 
line  and  it  is  desirable  to  introduce  as  few  frogs  and  switches  in 
the  main  line  as  possible.  The  three-track  bay  arrangement  is 
objectionable  on  account  of  the  roof  span,  which  would  require 
trussing.  Fig.  2  shows  a  track  layout  which  will  permit  frequent 
operating  on  one  of  a  pair  of  tracks.  Operating  on  the  other  track 
requires  the  use  of  a  cross-over  in  the  street.  Fig.  3  shows  a  layout 
for  an  operating  house  which  introduces  a  minimum  amount  of 
special  work  in  the  street.  Fig.  4  shows  a  gauntlet  track  layout 
beside  the  main  track  to  minimize  frogs  and  switches  in  the  main 
track.  Fig.  5  shows  a  similar  layout  to  Fig.  2  except  that  the  oper- 
ating tracks  are  on  the  right-hand  side  of  the  house.  Fig.  6  shows 
a  layout  for  a  house  on  a  through  line  operating  in  either  direction. 
The  Y  is  iformed  by  a  cross-over  on  the  two  center  tracks.  Fig.  7 
shows  a  large  operating  house  which  calls  for  a  long,  narrow  track 
approach.  The  Y  is  formed  at  the  entrance  to  the  street.  Fig.  8 
shows  a  track  layout  for  a  storage  house  which  is  built  well  back 
from  the  street.     Fig.  9  shows  a  third  track  approach  to  a  car  house, 
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a  layout  wMch  requires  a  wide  street  Fig.  lo  shows  a  track  layout 
where  the  approach  to  the  lot  is  restricted  at  the  street.  Fig.  1 1 
shows  a.  common  type  of  terminal  layout;  special  work  built  with 
4-in.,  4g-lb.  T-ratl.  Inside  oE  3  years  the  mates  were  all  renewed 
and  within  6  years  the  special  work  was  entirdy  wont  out  and 


was  replaced  with  4K-in.  rails  with  hardened  centers  according  to 
the  layout  shown  in  Fig.  u.     The  car  house  has  a  capacity  of  127 
cars,  and  there  are  operated  from  it  3^6  cars  daily  on  five  different 
Unes,  or  one  car  every  90  seconds  during  rush  hours. 
The  track  layout  of  a  double-end  car  bouse  for  single-end  cars  is 
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shown  ill  Fig.  13.  This  is  the  la3^ut  of  the  Luzeme  cai  hotise  of 
the  Philadelphia  Rapid  Tranat  Co.  The  mMn  feature  ot  the  track 
plan  (Fig.  14)  ia  a  loop  around  the  substation  and  transportation 
buildings.     One  ^de  of  this  loop  is  a  ladder  track  having  all  switch 


pMilts  facing  the  direction  of  car  movement.  Cars,  therefore, 
vbkb  a,pptokch  the  terminal  from  dther  direction  ma^  easily  be 
tuned  by  passing  around  the  loop,  and  at  no  time  mil  they  en- 
counter a  lacing  switch  point  except  when  backing  into  the  cat 
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house  for  a  trailer  or  for  Inspection  at  the  end  of  the  day.  This 
arrangement  also  makes  it  possible  simultAneously  to  couple  a 
half  dozen  trailers  to  as  many  motor  cars  on  as  many  tracks  without 


ra. — Cai-liouse  trade  layoDti. 


Pig.  13. — Luzerne  cu  bouse,  Philadelphia  Rapid  Transit  Co. 

having  one  crew  get  in  the  way  of  another.  It  is  the  intention  to 
store  many  trailers  here  between  the  morning  and  evening  rush 
hours,  thus  saving  the  dead  mileage  to  their  regular  car  houses  at 
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the  ends  of  the  several  lines,  This  is  the  layout  at  the  Forbes  St. 
terminal  of  the  Pittsburgh  Railways.  Fig.  17  shows  the  layout  of 
the  Harvard  Ave.  car  yard  of  the  Cleveland  (Ohio)  Railway, 
This  layout  contains  many  loops.  A  Y  is  formed  by  the  necessary 
spedal  work  at  either  entrance. 

Housing  Car-house  Special  Work.  In  general,  car-house  spedal 
work  requires  no  more  protection  from  the  weather  than  does  special 
work  on  any  other  part  of  the  track.  Whether  or  not  car-house 
spedal  work,  ladder  track,  for  instance,  should  be  covered  will 
oepend  upon  the  possibilities  of  keeping  the  car  house  suffidently 


Pio.  14.— Forb«  St.  Terminal,  Pittsburgh  Rys. 
irarm  during  freezing  weather.  In  this  connection,  it  should  be 
noted  that  ice  should  be  melted  from  incoming  cars  in  time  for  over- 
hauling. An  exposed  ladder  track  will  require  a  door  for  eadi 
track  or  group  of  tracks  entering  the  carhouse  from  the  ladder  track, 
while  a  covered  ladder  track  will  require  only  one  door  at  the  en- 
trance. For  this  reason,  the  necessary  temperature  will  be  more 
easily  maintained  with  a  covered  ladder  track,  A  covered  ladder 
track  requires  the  expense  of  eitra  wall  and  roof,  but  its  trolley 
>rire  construction  may  be  simpler  and  more  durable  than  that  (or 
exposed  spedal  work. 
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Clearances.  Frequent  acddents  have  shown  the  necessity  of 
establishing  proper  clearances  between  cars  and  between  cars  and 
posts,  walls  and  other  fixed  portions  of  the  building.  The  minimum 
clearance  should  be  2  ft.;  on  curves  it  is  well  to  increase  this  on 
account  of  the  constantly  increasing  size  of  cars. 

Spacing  of  Tracks.  Clearances  also  determine  the  minimum 
spacing  of  tracks.  Eleven  feet  center  to  center  is  satisfactory  for 
a  storage  house,  with  2  ft.  additional  if  posts  occur  between  tracks. 
This  spacing  will  also  do  for  inspection  section  of  pit  room  in  an 
operatmg  house,  but  where  a  great  amount  of  work  is  to  be  done  it  is 
desirable  to  increase  this  distance. 

Ttandfer-ways.  In  closely  populated  districts  where  it  is  not 
feasible  to  have  all  tracks  entering  ones,  it  is  necessary  to  install  a 
transfer- table.  This  is  equally,  necessary  in  a  house  from  which 
a  large  number  of  cars  are  operated,  and  where  there  is  constant 
shifting  from  closed  to  open  cars  and  vice  versa.  For  convenience, 
it  should  be  located  centrally.  Its  position  inside  the  building, 
however,  if  it  passes  through  party  walls  (even  though  fire  doors 
be  used  in  the  openings)  adds  to  the  fire  risk  and  is  likely  to  affect 
the  insurance  rates.  For  this  reason  it  is  sometimes  advocated 
that  the  table  be  placed  outside  the  building  and  at  the  rear.  When 
so  placed,  however,  it  requires  the  passing  of  cars  through  the  pit 
room  when  being  shifted  and  oftentimes  requires  the  moving  of  a 
large  number  of  cars — more  than  if  placed  near  the  center  of  the 
building.  The  objection  that  a  transfer-table  within  the  house 
causes  a  loss  of  storage  space  can  be  answered  by  the  recommenda- 
tion of  a  flush  transfer-table. 

Cross-overs.  While  generally  desirable  to  omit  all  special  work 
within  the  house,  on  certain  types  of  layout  cross-overs  are  neces- 
sary within  the  building  for  the  convenience  of  operation.  A  right- 
hand  cross-over  is  preferred  to  a  left-hand  one  as  being  the  more 
convenient. 

Design  of  Car-house  Building 

Convenience  of  Operation  and  Working.  For  the  convenience  bf 
operation  and  working,  the  operating  force  shoidd  be  placed  at  the 
front  of  the  building.  The  starter,  or  whoever  has  charge,  should  he 
placed  where  he  can  see  all  incoming  and  outgoing  cars;  he  should  be 
in  close  touch  with  the  lobby,  in  order  to  call  the  men  assigned  to 
duty,  and  to  preserve  discipline  among  the  men.  The  superintend- 
ent, or  any  other  official  interested  in*  the  operation  of  the  cars, 
having  quarters  at  the  car  house,  should  be  placed  in  an  equally 
advantageous  position.  That  portion  to  be  set  apart  for  working 
and  repairs  should  be  placed  far  enough  back  in  the  house  to  pre- 
vent interference  from  shifting  cars. 

Quarters  Other  than  Operating.  Besides  the  quarters  for  ox)erat- 
ing  and  repair  forces,  which  are  found  connected  with  almost  all  car 
houses,  some  roads  desire  to  provide  quarters  for  such  departments 
as  machine  shop,  blacksmith  shop,  paint  shop  and  road  and  line 
departments.  If  a  power  station  or  substation  is  to  be  located  on 
the  premises  it  is  better  to  have  it  in  a  separate  building  from  the 
car  house.    Some  substations,  however,  are  built  as  part  of  the  car 
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house,   but    they   are' 
of  fir^rooE  material. 
It  is  sometimes  found 
necessary  to  provide  a 
stable  under  the  same 
roof  as  the  car  house, 
but  in  such  a  case  it 
should  be  shut  o&  from 
the  car  house  by  fire 
.  walls,  and  the  penetra- 
tion of  odors  and  am- 
monia to  the  storage 
portion  should  be  pre- 
vented.    Where  oper- 
:  ating   houses   are  lo- 
I  catedawayfrompopu- 
i  lous  centers  it  is  often 
;  desirable  for  the  road 
1  to  provide  some  place 
!   (a   separate    building 
'  on  account  of  fire  rislc) 
i  for  employees  to  ob- 
I   tain  meals,  or  interest 
I  olier  parties  in  pro- 
I  viding  accommoda- 
:  tions  of  this  kind.    In 
:  similarlocationsquar- 
,  ters  for  sleeping  are 
'  also  desirable  for  men 
Who  have  to  be  held 
for  work  on  snow  or 
night    duty.     These 
quarters  may  be  lo- 
cated in  the  car  house. 
Fig.  IS  shows  the  lay- 
'  outof  theMiddletown 
car  house  and  shop  of 
the    Connecticut  Co. 
The  offices  and  shops 
are  arranged  along  one 
side   of  the  building. 
The    first     room     to 
which  entrance  is  ob- 
tained is  that  for  the 
conductors  and  motor- 
men,  where  lockers,  a 
drinking  fountain  and 

installed.  Following 
this  are  the  toilets,  the 
master  mechanic's  of- 
fice,    storeroom,     oil 
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room,  salt  and  sand  room,  pump  room,  wheel  room,  blacksmith 
shop,  machine  shop,  coal  storage  and  boUer  room. 

Fire  Protection.  The  imiportance  of  providing  fire  protection 
should  not  be  underrated,  and  at  no  time  should  it  be  forgotten. 
In  selecting  the  location  for  the  house,  proximity  to  buildings  of 
inflammable  material  or  having  contents  that  bum  easily  should 
be  avoided.  Car  houses  shoidd  also  be  located  where  a  good  hy- 
drant service  is  obtainable,  and  as  near  to  a  fire  station  as  possible. 
If  this  is  not  done  a  private  service  with  ample  supply  of  water 
must  be  installed.  Provision  must  also  be  made  for  a  secondary  sup- 
ply of  water,  either  in  reservoirs  under  floor,  or  in  elevated  tanks. 

Fire  Preventioii.  No  road  should  expose  more  than  a  cer- 
tain per  cent,  of  its  rolling  stock  to  the  risk  of  destruction  by  any 
one  fire,  as  the  loss  of  cars  means  the  loss  of  revenue.  Divide 
the  house  by  party  and  curtain  walls  where  it  is  practicable  to  do 
so  withoul  interfering  with  the  operation  of  cars  or  increasing  the 
cost  of  the  building  to  a  prohibitive  extent.  The  omission  where 
possible  of  combustible  material  is  recommended,  especially  below 
the  grade  of  top  of  rails.  Its  use  should  be  avoided  on  outside  walls 
and  cornice  work.  Sheathing  partitions  inside  are  undesirable, 
and  floors  and  roof,  if  they  are  to  be  of  wood,  should  be  mill  con- 
struction, with  heavy  timbers  and  planking. 

In  the  construction  of  a  car  house,  comers  and  recesses  where 
mbbish  would  tend  to  accumulate  should  be  avoided.  Special 
care  should  be  taken  to  avoid  the  accumulation  of  oily  waste  and 
rags.  Fireproof  receptacles  should  be  provided  for  such  material 
and  they  should  be  regularly  and  frequently  emptied.  Ample 
light  and  cleanliness  will  aid  greatly  in  reducing  the  possibility  of 
fire  to  a  minimum. 

Insurance  Regulations.  It  is  recommended  that  the  designer 
familiarize  himself  with  the  regulation  of  the  fire  underwriters  and 
adopt  their  suggestions  as  far  as  practicable.  Insurance  require- 
ments are  impK>rtant  factors  in  determining  many  details  of  con- 
struction, and  a  consultation  with  the  underwriters  when  plan- 
ning may  save  many  expensive  changes.  The  underwriters  stipu- 
late that  no  section  of  the  house  shall  contain  more  cars  than 
amount  to  the  value  of  $200,000. 

Automatic  sprinklers  are  to  be  preferred  as  the  best  possible  fire 
protection  in  enclosed  places  where  the  sprinklers  will  be  opened  by 
the  heat  of  the  fire.  The  very  fire  itself  which  is  sought  to  be  ex- 
tinguished sets  in  operation  the  influence  which  extinguishes  it,  at 
the  particular  spot  where  the  fire  is  and  at  no  other,  and  entirely 
independent  of  human  action.  This  applies  to  all  buildings  what- 
soever. There  should  always  be  two  sources  of  water  supply,  and 
any  two  of  the  following  methods  can  be  adopted:  city  water  with 
adequate  pressure;  elevated  tank;  pressure  tank;  underwriter  fire 
pumps. 

Auxiliary  Protection.  Sand  pails,  chemical  extinguishers  and 
water  pails  should  also  be  provided.  Small  hose  lines  are  advisable 
for  reaching  sparks  and  flames  in  places  not  reached  by  water  from 
the  sprinklers.  Inside  hose  reels  should  be  placed  in  glazed  boxes  to 
prevent  them  from  injury  and  ordinary  deterioration. 
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Outaide  Protectioti.    For  open  spaces,  including  yarils,  automatic 

Srinklers  are  not  available,  since  tlie  heat  will  not  operate  to  open 
e  sprinklers.  For  such  places  the  available  methods  of  protection 
are:  (a)  Universal  nozzles  on  standpipes;  (b)  standard  fire  hose  and 
nozzle;  {c)  open  sprinklers  sel  in  operation  by  human  agency. 

Universal  nozzleson  standpipes  are  the  best  protection.  Thereis 
no  possibility  of  delay  during  a  serious  fire  through  the  bursting  of 
hose  occasioned  by  kinks,  or  momentary  excessive  water  pressure, 
or  by  the  accidental  cutting  of  the  hose  by  the  running  of  the  ears 
over  it  in  trying  to  remove  them    from  car  yards.     The   nozzle 


Pig,  i6. — 'Water 


in,  Light  &  Powc 


should  not  be  less  than  i>i  in.  or  more  than  iH  in.,  it  the  water 
supply  and  pressure  can  be  had.  Since  the  operator  camiot  move 
such  nozzles  bodily  to  the  place  of  the  fire,  the  range  of  the  nozzle 
should  not  be  more  than  loo  ft.  in  order  to  secure  the  greatest  degree 
of  efficiency,  which  distance  will  necessitate  as  hi^h  a  pressure  as 
can  be  safely  maintained.  High  water  pressure  is  advisable  for 
the  further  reason  that  the  operator  may  be  at  a  safe  distance  and 
stillplace  water  upon  the  fire.  Intenseheat  may  prevent  the  opera- 
tor iTom  placing  water  upon  the  spot  desired  if  the  w 
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is  too  low.  This  conditioD  applies  to  nozzles  on  hose  as  wdL 
The  universal  nozzle  should  be  located  at  a  height  of  from  lo  to  12 
ft.  above  the  tops  of  cars.  The  pressure  at  the  nozzle  should  be  100 
lb.  if  possible.  For  this  pressure  the  discharge  for  tM-in.and  iW-in., 
i)4-in.  and  2-in.  nozzles  will  be,  respectiydy,  466,  Gjr,  904  and  iig4 
gal.  per  min.  It  is  bdieved  that  the  eSective  way  to  eitinguish 
a  fire,  especially  one  which  has  gained  much  headway,  is  to  concen- 
trate one  or  more  heavy  streams  of  water  upon  one  particular  car  in 
the  yard  and  maintain  it  there  until  its  effect  b  shown.  This  can 
be  readily  accomplished  with  a.  stondpipe  and  univeisal  nozzle. 
Pumps  shoiUd  be  provided  to  supply  at  least  two  nozzles  at  one 
time.  Nozzles  should  be  located  so  that  th^  range  drdes  will 
overlap  safely.  Universal  nozzles  are  the  best  protection  for  practi- 
cal installaUous  where  cost  is  considered;  they  are  certainly  to  be 


Fig.  ij.— Plan  for  stanapipes.  Cleveland  Rys. 

preferred  over  standard  hose  and  nozzle  in  yards  where  cats  are 
stored.  Universal  nozzles  should  be  supplemented  by  small  hose 
and  nozzle  for  getting  at  sparks  and  flames  not  accessible  to  the 
stream  of  the  univei^  nozzle,  also  by  water  paUs  and  chenucal 
extinguishers. 

Fig.  r6  gives  the  details  of  such  a  water  tower  as  installed  in  the 
yards  of  the  Puget  Sound  Traction  Light  Sl  Power  Co,  The  towers 
are  connected  to  thedty  wa(ermainbya6-in.  supply  line,  and  each 
system  is  equipped  with  a  steamer  connection  for  the  use  of  the  dty 
fire  department.  In  order  to  cover  the  yards  thoroughJy,  the 
towers  were  spaced  so  that  any  car  could  be  reached  by  at  least  two 
streams.  Tests  show  that  where  the  static  pressure  is  only  65  lb., 
the  nozzle  pressure  is  47  lb.  and  the  discharge  255  gal,  perminute. 
With  a  static  pressure  of  125  lb.,  the  nozzle  pressure  is  88  lb.  and 
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the  discharge  350  gal.  per  minute.  Thus  a  car  can  be  flooded  with 
water  at  the  rate  of  400  gal.  or  500  gal.  per  minute,  making  it  almost 
impossible  for  fire  to  spread  to  neighboring  cars. 

A  proposed  layout  for  car-yard  protection  of  the  Cleveland  (Ohio) 
Railway  is  shown  in  Fig.  17.  The  yard  is  750  ft.  long  X  454  ft. 
wide,  including  car-inspection  structttre,  offices  and  utUities  build- 
ings. The  18  standpipes  are  located  around  the  yard  at  inter- 
vals of  90ft.  The  standpipe  nozzle  tips  are  iH  in.  in  diameter  and 
the  supply  mains  are  of  8-in.  and  6-in.  diameter.  Two  hydrants  are 
also  inst£dled  to  reinforce  the  interior  sprinkler  protection  of  build- 
ings. The  water  supply  is  forced  through  the  mains  by  a  750-gal. 
electrically  driven  underwriters'  pump  of  centrifugal  type,  taking 
suction  from  a  75,000  gal.  reservoir  maintained  on  the  premises. 
Under  maximum  pressure  the  fire  pump  wiH  deliver  1000  gal.  of 
water  per  minute,  which  can  be  concentrated  on  any  one  car  in 
the  yard.  The  installation  cost  of  protection  for  the  ultimate 
capacity  of  175  cars  will  be  about  $20,000. 

Standard  fire  hose  and  nozzles  are  the  next  best  available  pro- 
tection. Hose  should  be  2H  in.  for  ordinary  cases.  Nozzles  should 
be  not  less  than  iH  in.  Pressure  should  not  be  too  great,  because 
men  who  are  not  professional  firemen  cannot  hancUe  the  nozzle 
under  great  pressure^  Pressure  at  nozzle  shoidd  probably  be  40  lb. 
to  60  lb. 

Open  sprmklerB  operated  by  human  agency  are  probably  a  very 
efiFective  means  for  checking  an  early  fire,  and  perhaps  for  extinguish- 
ing a  fire  which  has  gained  more  or  less  headway,  but  the  cost 
appears  to  be  too  great  for  general  use,  although  for  small  installa- 
tions, where  the  sections  are  not  large  and  where  the  controlling 
valves  can  be  operated  by  hand  the  cost  may  warrant  the  use. 

Details  of  Car-house  Design 

To  design  the  most  economical  car-house  building  for  a  particular 
service  in  a  particular  location  the  designer  must  be  able  to  design 
the  several  types  of  construction  in  detail  and  he  must  be  able  to 
estimate  the  costs  of  the  materials  and  labor  necessary  for  the 
finished  structure.  The  general  determination  of  this  most  econom- 
ical design  of  car  house  consists  in  a  determination  of  the  most  eco- 
nomical foundation,  wall,  form  of  roof  and  form  of  skylight.  These 
individual  parts  must  finally  be  considered  with  regard  to  their 
suitable  rmtionship  to  each  other.  Among  the  general  decisions 
which  must  be  made  at  the  outset  by  the  designer  are:  Shall  the 
building  be  short  and  wide  or  long  and  narrow?  Shall  two-,  three- 
or  four-track  units  be  used?  Shall  the  foundation  be  of  stone, 
brick  or  concrete?  ShaU  the  walls  be  of  brick,  terra-cotta,  concrete 
blocks,  iron  or  concrete?  Shall  the  roof  framing  be  of  wood,  un- 
protected steel,  protected  steel,  reinforced  concrete  or  a  combina- 
tion of  these?  These  must  finally  be  decided  with  regard  to  their 
suitable  relationship  to  each  other.  At  the  outset  the  designer 
should  acquaint  himself  with  the  following:  municipal  regulations 
and  building  ordinances,  ndes  and  requirements  of  fire  underwriters, 
character  of  soil  upon  which  the  foundation  is  to  rest  and  the  costs  of 
materials  and  labor. 
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Figs.  iS  and  ig  show  the  construction  of  the  Liizeme  caj- house  of 

the  PhUadelphia  Rapid  Transit  Co.  The  girders,  posts,  roof  slabs 
and  floors  are  of  reinforced  concrete  and  the  waDs  are  of  brick. 
The  concrete  portion  was  built  by  the  unit  method,  wherry  the 
concrete  members  are  cast  separately  and  lifted  into  place- 
Fig.  20  shows  the  construction  of  the  Middletown  car  house  of 
the  Connecticut  Co.  The  Soors  and  footings  are  of  concrete,  the 
walls  are  of  brick  and  the  roof  is  of  mill  type  construction  framed 
with  yellow  pine  girders. 


Pic.  is.— Luierne  cor  house.  Philadelphia.     Crou-section  of  bay  (or  light 

Foundations.  If  the  soil  is  of  good  bearing  capacity  little  study 
need  be  given  to  the  rnatter  of  foundations.  A  car  house  is  not  a 
heavy  structure,  the  walls  being  Ught,  and  the  load  of  cars  being 
well  distributed  by  track  work.  The  materials  to  be  selected  for 
foundations  are  largely  determined  by  the  supply  near  at  hand. 
Concrete  is  probably  as  common  and  as  satisfactory  as  any.  Where 
soft  yielding  soil  is  encountered  and  piling  found  necessary,  concrete 
piles  have  been  used.  In  such  cases  and  under  certain  conditions 
they  undoubtedly  prove  more  economical  than  wooden  ones. 

Walls.  Brick  masonry  or  concrete  monolith  seems  to  be  the 
most  suitable  construction.  If  a  cheaper  form  oE  wall  is  wanted, 
a  heavy  mill  frame  with  a  2-in.  cement  plaster  curtain  makes  a 
good  fire-resisting  scheme  and  one  which  is  inexpensive  to  maintain. 
Corrugated  iron  is  sometimes  used,  but  is  not  recommended. 
There  ate  in  the  market  several  forms  of  asbestos  boards,  but  their 
cost  does  not  warraut  their  selection  in  preference  to  masonry. 
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Roofs.  A  Bat  type  of  roof  is  the  only  suitable  one  for  a  car  house. 
It  should  be  as  dose  to  the  trolley  wire  as  possible.  Light  can  be 
brought  through  the  roof  by  means  of  skylights  or  monitors.  The 
Am.  El.  Ry.  Eng.  Assn.  committee  strongly  favored  a  mill  type  of 
heavy  constniction  for  the  roof  and  advised  against  the  use  of  steel. 
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The  use  of  concrete  for  roof  construction  may  be  advantageous  be- 
cause of  its  fire-resisting  quality.  Its  cost,  however,  may  be  prohibi- 
tive especially  where  long  spans  are  necessary.  Water  should  be 
taken  off  by  valleys  rather  than  by  gutters  and  taken  down  within 
the  building.  For  the  covering  of  the  roof  there  are  a  number  of 
materials,  all  of  which  have  some  merit,  but  none  of  them  are  any 
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Concrete: 

Girder  A,  26X14X36.15  -M44 

Girder  B,  5X8X14X14.66-1-144 

Knees,  3X4X14-M2 

Slabs,  14.66X28.9X3.5-5-12  —  4.75X4.66X3^5-5-13  - 


Quantity 
82 
57 

14 
104 


Total  concrete  at  20  cents , 257 

Steel: 

Girder  A,  6  —  1  Hc,r.X34 *9S. 

Girder  B,  5X3-H  c.r.Xi7 344- 

Knees,  2X2  — He.  r.Xp " 955 

Slabs,  I  X 16  X  34  X  area  t  sq.  c  b 190. 

'         Total  steel 1524.5 

Forming: 


2560  b.  m.  at  25  cents  per  1000  — 65 -f  5  for  knees 


Cost 


ISi.40 


45.74 
70.00 


Total  cost 

Total  cost  per  sq.  ft. .  . , 

Fig.  21. — Typical  study  sheet  for  car-house  construction  material. 
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more  satisfactory  than  a  tar  and  gravel  roofing  well  laid  with  first- 
class  materials. 

Fig.  21  by  Messrs.  C.  A.  Neff  and  T.  P.  Thompson,  Electric 
RaDway  Journal,  19 13,  is  a  typical  one  of  forty  odd  study  sheets 
used  by  them  in  determining  the  proper  roofing  de^gn  for  the 
car  house  of  the  Virginia  Railway  &  Power  Co.  These  sheets 
covered  the  various  systems  of  steel  supports  with  slabs,  tile, 
plates  as  well  as   "monolithic''  and   "unit  built"  structures. 


Scheme  1 


Brick  Work  above  Trolley  Line  Indicated  thuA 
(9+ 7-|-5+3)x800z  18  Z..015  cts.— $5184.00 


J 


^i 


"A'  \Trolley  Line  ^^i 


Scheme  2 

Brick  Work  aboTe  Trolley  Line  Indicated  tbas 
(3-1-  S-l-S+aXx-SOO Z.18  X.015  eta.— $3450.00  " 


Scheme  3 

Brick  Work  above  Trolley  Line  Indicated  thaj i 

(?-t-2-f  2-f2)z  800  X  18  z  .015  ct>.— 91728.00 

SUMMARY 

Scheme  No.  3  saves  over  scheme  No.  x I3. 456.00 

Scheme  No.  3  saves  over  scheme  No.  2 1,728.00 

Scheme  No.  3  saves  over  form  of  roof  on  certain  car  houses 

built  by  others. .  .  ^ 5,580.00 

Fig.  32. — Typical  study  sheet  for  car-house  roofing  schemes. 

Fig.  22  is  a  study  sheet  prepared  by  these  engineers  to  show  the 
results  of  an  investigation  of  three  different  plans  of  roofing  three 
units  in  one  building.  Scheme  No.  i  shows  the  roof  high  on  one 
side  and  sloping  all  one  way.  Scheme  No.  2  shows  the  roof  high 
in  the  center  of  the  center  unit  and  sloping  two  ways,  scheme 
No.  3  shows  the  roof  high  over  the  center  of  each  unit  and  sloping^ 
two  ways  over  each  unit.  In  each  scheme  the  slope  i>er  foot  is 
the  same.  As  the  necessary  distance  between  track  and  trolley 
was  fixed  at  16  ft.,  it  was  considered  that  all  wall  used  above  the 
horizontal  line  i6  ft.  above  the  tracks  should  be  charged  against 
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each  scheme  in  considering  the  relative  cost.  In  scheme  No. 
3  there  are  only  2  ft.  of  brickwork  above  the  trolley  line  at 
the  outside  wall,  whereas  in  schemes  Nos.  i  and  2  there  are 
3  ft.  of  brickwork.  This  results  from  the  fact  that  in  scheme 
No.  3  a  girder  3  ft.  deep  in  the  center  and  only  2  ft.  deep  at 
the  wall  fine  was  possible,  whereas  girders  3  ft.  deep  throughout 
were  require  in  the  other  two  schemes  for  the  same  strength. 
For  purposes  of  comparison,  the  walls  were  considered  as  13-in. 
brick  walls,  the  figures  being  based  on  brick  laid  in  the  walls  at  $15 
per  1000  and  each  wall  being  400  ft.  long. 

Posts.  The  1908  Am.  £1.  Ry.  £ng.  Assn.  committee  favored  the 
adoption  of  posts  for  the  roof  supports  in  preference  to  trusses. 
In  the  pit  room  they  provide  a  means  for  supporting  the  car  han- 
dling apparatus;  they  are  convenient  for  holding  the  aisle  sprinkler 
pipes,  and  also  the  standpipes  and  hose.  They  can  also  be  used  to 
support  brackets  for  the  fire  paib.  Where  there  are  posts  it  is 
easy  to  introduce  curtain  walls,  either  the  entire  height  of  building 
or  dropp>ed  down  6  ft.  or  more  from  the  ceiling.  Plaster  concrete 
partitions  along  lines  of  roof  posts  make  excellent  fire  curtains. 

Trolley  Troughs.  One  of  the  most  satisfactory  ways  of  holding 
up  the  trolley  wire  is  by  a  suspended  plank.  The  plank  serves  not 
only  this  purpose,  but  also  when  the  trolley  pole  leaves  the  wire, 
prevents  the  grounding  of  current  through  contact  of  pole  with 
sprinkler  pipes,  etc.,  in  the  building. 

Bumpers.  At  the  dead  end  of  every  track,  and  3  ft.  from  the  wall, 
there  should  be  a  stop  to  prevent  the  cars  doing  damage.  There 
are  several  kinds  of  stops,  such  as  the  common  cast-iron  shoe  bolted 
to  the  rail  or  fastened  with  clipping  blocks,  and  bumping  posts, 
consisting  of  hard  pine  timber  buried  in  the  ground  or  concrete. 
There  is  also  the  post  secured  with  bolt  and  straps  to  the  rail. 

Doors.  Doors  are  necessary  for  those  portions  of  the  house 
which  have  to  be  heated  and  those  storage  portions  that  are  seldom 
used.  They  are  less  necessary  on  other  parts  of  the  house  and  may 
be  omitted  if  one  is  satisfied  that  there  is  no  fear  of  intrusion  by 
those  bent  on  thieving,  setting  fire  or  other  malicious  mischief.  It 
is  desirable  to.  have  the  doors  swing  out.  Both  swinging  and 
roller  types  of  doors  are  being  used.  The  former  has  many  points 
in  its  favor,  but  the  latter  is  a  great  convenience  where  room 
will  not  permit  the  use  of  swinging  doors.  Where  swing  doors  are 
used  they  may  be  partly  glazed.  Roller  t)rpe  doors  are  sometimes 
motor  driven  for  greater  convenience  and  more  rapid  operation. 

Iloor  construction  (Recommended  by  Am.  El.  Ry.  Eng.  Assn., 
191 1,  Committee  on  Buildings  and  Structures). 

(fl)  Car  Houses,  Concrete  floor  with  cement  finish  is  best  for 
permanent  construction.  Otherwise  crushed  stone  and  screenings, 
or  ashes  is  advised. 

{h)  Car  Shops.  Concrete  floor  with  cement  finish  is  recom- 
mended, except  in  machine  shop,  if  subjected  to  heavy  service,  where 
creosoted  wood  block  on  concrete  foundation  should  be  installed. 

{c)  Power  Houses,    For  engine  room,  concrete  with  cement  or 
tile  finish  is  advised.     For  boUer  room,  concrete  and  cement  finish 
or  a  floor  of  brick  laid  on  edge  in  cement  mortar  is  recommended. 
8 
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(d)  Offices f  Employees'  Room,  etc.  Maple  or  combed-grain  yeflow 
pine  wearing  floor  should  be  used.  If  wearing  floor  is  supported 
by  sleepers  embedded  in  concrete,  it  is  always  best  to  install  a  false 
floor  underneath  the  wearing  floor. 

(e)  Toilet  and  locker  room  floors  should  be  of  concrete  with  cement 
finish,  and  connected  with  sink  and  trap  to  drain,  so  that  the  floor 
may  be  conveniently  washed  and  scrubbed  down. 

(/)  For  waiting  rooms  or  shelters  and  platforms,  floors  of  concrete 
and  cement  finish  are  recommended  for  permanent  structures. 
Rolled  broken  stone  and  screenings  or  ashes  may  be  satisfactorily 
installed  for  cheap  open  shelters  for  temporary  construction. 

Lobbies.  As  already  stated,  the  lobby  should  be  under  the  eyes 
of  a  supervising  oflidal;  and  any  plan  by  which  the  men  are  left 
to  themselves  is  undesirable.  The  lobby  should  be  provided  with 
seats,  tables,  bulletin  boards,  and  the  like;  counters  should  be  ar> 
ranged  for  the  fiUng  of  time  sheets  and  other  paoeis  requiring  the 
signatures  of  conductors.  All  seats  are  better  attached  to  the  wall 
for  the  sake  of  cleanliness.  Metal  lockers  should  be  provided  di- 
rectly in  the  lobby  or  in  an  adjoining  room.  For  those  men  who 
are  of  a  quiet  disposition  a  separate  room  should  be  provided,  where 
reading  and  the  playing  of  quiet  games  can  be  indulged  in.  This 
room  should  have  a  table  for  letter  writing.  Separate  rooms  are 
also  advisable  for  making  out  time  sheets,  reports  and  accident 
blanks.  All  parts  of  the  lobbies  and  toilets  should  be  so  designed 
as  to  suffer  as  little  as  possible  from  the  destructive  work  of  idle 
hands.    Adjoining  the  lobby  should  be  ample  toilet  facilities,  with 

Provisions  to  keep  the  same  in  sanitary  condition.  The  floor  should 
e  such  as  to  admit  flushing;  partitions  should  not  run  to  the  floor; 
as  little  wood  as  possible  should  be  used;  sham  comers  should 
be  avoided;  and  there  should  be  good  provisions  for  light  and  air. 
In  the  larger  houses  there  should  be  equally  well-planned  toilets 
adjoining  the  pit  room,  and  possibly  a  private  toilet  for  the  officiab. 
If  the  house  is  small  a  central  toilet  with  one  or  two  water  closets 
under  lock  and  key  may  answer  for  all  employees. 

Pits.  The  pit  room,  one  of  the  most  important  parts  of  the 
house,  should  be  placed  well  back,  and  the  area  should  represent 
a  capacity  of  at  least  one-third — or,  better,  one-half— ^of  the  car 
storage.  It  should  be  well  lighted,  to  save  artificial  light,  and 
amply  heated  for  the  sake  of  the  comfort  of  the  men  and  for  the 
melting  of  the  snow  around  the  trucks.  Pits  should  have  an 
average  depth  of  4  ft.  6  in.  from  the  top  of  the  rail.  Pref- 
erably, the  floors  of  the  pits  should  be  of  concrete  and  slightly 
crowned  to  shed  water.  The  main  floor  on  one  or  more  tracks  should 
be  dropped  next  to  the  rail  on  each  side  of  the  pit  to  facilitate  work- 
ing about  the  truck  and  the  running  boards.  Fig.  23  shows  a  drop 
floor  at  the  side  of  the  pit.  This  floor  is  27  in.  below  the  top  of  the 
rail.  It  can  be  less  if  preferred,  and  with  some  equipments  12  in. 
proves  satisfactory.  The  natural  lighting  for  the  pit  room  is 
through  the  monitor  of  saw-tooth  type  with  vertical  glass.  A  cross, 
or  transverse  pit,  with  the  floor  slightly  below  the  floor  of  pit  and 
terminating  in  a  room  at  the  side,  is  a  convenience  for  moving 
material  from  pit  to  pit    The  room  can  be  used  for  storage  or,  if 
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well  lighted,  for  a  work  room.  An  opening  can  be  provided  so  that 
matenal  can  be  lifted  to  the  floor  above.  By  referring  to  Figs.  33 
to  ag,  several  schemes  of  pit  construction  wiU  be  found  illustrated. 
(See  also  Figs.  iS,  19  and  lo.)  A  form  of  construction  that 
utilizes  the  rail  for  the  support  of  the  floor,  as  well  as  taking 
die  cais,  will  be  found  simple  and  economical.    It   also   does 


F10-  93. — Section  ahowing  drop  floor  b^de  pit. 

not  pocket  the  heat  under  the  floor  and  gives  greater  clearance 
for  working  and  for  passing  from  pit  to  pit.     In   the   form   of 
pit  construction  shown  by  Fig.  29,  a  single  pit  sufficient  in  aze  to 
cover  all  tracks  is  constructed  in  the  car-house  floor.     Tracks  over 
this  pit  are  supported  on  columns  made  of  a  sin^e  3X3  X  9i<  in- 
angle  with  a  gusset 
plate  at  the  top  to 
serve  as  a  p<nnt  for 
attaching    a    strut, 
two  diagonal  tie  rods 
and    the    rail   clips. 
Two   angle   lugs  at 
the  bottom  serve  to 
spread   the  load  on 
l£e  concrete  pedes- 
tals and  as  a  means 
of     anchoring     the 
supporting   struc- 
ture to  the  pedestal 
foundations.     These   i 
track     columns    are   I 

spaced  g  ft.  6  in.  ^^  34.— s«tion  o(  pit  constractioo  deeper  and 
apart   and  are   built  more  eipessrve  than  usual  supports. 

in   bents   dmilar  to 

bridge  buck  braces.  They  are  paired  to  support  the  rails  of  parallel 
tracks,  and  are  stiffened  dia^nally  by  round  tie  rods  with  turn- 
buckles  for  adjustment.  A  4  X  3  X  Ma  in-  angle  between  columns 
serves  as  a  strut  to  prevent  overturning  and  as  a  support  for  the 
walkway  between  the  tracks.  In  order  to  provide  sufficient  girder 
strength   between  the  pit  columns  100  lb.  A.S.C.E.  rail  has  been 
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Plan  at  Bus  Seotion  AA. 
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used  to  span  the  g-ft.  6-in.  interval  between  them.  The  method 
of  fastening  tlie  rail  at  the  columns  is  by  means  of  clips  bolted 
to  the  horizontal  leg  of  the  structural  angle  strut. 
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An  installation  of  push  buttons  by  means  of  which  errand  boys 
may  be  called  to  pits  will  save  much  time. 


Fig.  29. — Pit  construction  on  structural  steeL 

.  Apparatus.  While  the  apparatus  for  the  handling  of  the  cars  is 
not  a  matter  of  car-house  design,  still  there  must  be  provision  made 
for  its  installation.  Supports  sufficient  to  take  cranes  and  body 
hoists  must  be  provided,  as  well  as  provisions  made  for  motor  and 
wheel  hoists. 

Stock  Room.  The  stock  room  should  be  placed  convenient  to  the 
pit  room  and  should  be  of  sufficient  size  to  contain  all  the  stock. 
It  should  not  be  so  large  as  to  make  the  care  of  stock  difficult,  but 
should  be  a  well-lighted,  neatly  designed  room  which  will  inspire 
the  keeper  with  neatness  (and  neatness  means  economy  where  there 
are  a  large  number  of  small  parts  to  be  kept  in  stock).  Broad 
benches  with  lockers  beneath  them;  drawers  for  screws  and  small 
parts,  and  bins  neatly  lettered  and  painted  will  be  an  object  of  pride 
as  well  as  an  incentive  to  saving. 

Fig.  30  shows  the  details  of  the  movable  bin  construction  used  in 
the  stock  room  of  the  Syracuse  Rapid  Transit  Co.  These  bins  are 
of  galvanized  iron  and  are  built  up  as  follows:  Carrying  channels 
are  bolted  vertically  to  the  wall  at  26-in.  centers  and  are  perforated 
for  the  insertion  of  the  shelf  brackets  at  any  desirable  intervals. 
The  shelving  consists  of  horizontal  sections  1 2  ft.  long  which  have  a 
series  of  holes  4  in.  apart  so  that  the  vertical  partitions  can  be 
riveted  to  the  shelf  at  intervals  of  4  in.  or  multiples  thereof. 

Blacksmith  Shop.  If  any  repairs  are  contemplated,  it  will  gen- 
erally be  found  necessary  to  provide  a  place  for  blacksmith  work. 
This  place  should  be  at  the  end  of  a  track  so  that  the  trucks  can  be 
run  in.  The  small  type  of  blacksmith  shop  will  require  a  work 
bench  and  an  opportunity  to  install  a  few  hand-drilling  machines, 
etc.  As  the  amount  of  work  and  the  size  of  the  house  increases, 
more  machinery  is  required.    With  small  roads  a  fiUly  equipped 
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inachine  shop  is  maintained  for  doing  all  the  work  of  the  road, 
including  a  small  but  well-equipped  foundry  for  brass  work. 

^  Paint  Shop.  A  small  paint  shop  for  the  renovation  of  cars  is  pro- 
vided as  a  part  of  the  car  house  on  some  roads.  The  paint  shop  must 
be  so  located  that  it  will  be  absolutely  dustless.  If  the  building  in 
which  it  is  located  is  heated  indirectly,  the  air  should  be  blown  into 
the  paint  shop  first. 


Hoi* :  Qm  End  OB  Moh  Xmgflii 
ofthlilloUtolMlikm 
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OutoffPolot 
Catting  Plan  for  Partition      b«(<»*  Bwding 

Note:  BraclEet  No.3  it  used  for  all  Shelrei 
Pig.  30. — Details  of  movable  bin  construction,  Syracuse  storeroom. 


View  of  acacket 
^0.2  Sketch  shows  Two 
Forms  of  Bracket  Oonstraction 


Wash  Room.  The  use  of  the  wash  room  and  the  washing  of  cars 
with  the  hose  is  being  abandoned  by  many  roads;  instead,  the  entire 
floor  is  drained,  and  with  hose  bibbs  at  frequent  intervsds  the  cars 
are  washed  at  any  point  by  the  use  of  pail  and  brush. 

Oil  Room.  While  some  prefer  a  separate  building  for  the  oil 
storage  it  can  be  made  a  part  of  the  car  house,  if  properly  designed. 
The  floor  should  be  dropped  below  the  outside  floors,  dished  to  the 
center  and  properly  drained.  There  should  be  barrel  racks,  shelves 
for  small  vessels  and  waste  receptacles,  all  of  incombustible  mate- 
rials. Proper  provisions  should  be  made  for  heating  the  oil  so  that 
it  may  be  fit  for  use  in  the  winter.  Tank  systems,  having  the 
tanks  buried  outside  in  the  ground  and  the  oil  piped  into  the 
house,  afford  a  neat  method  of  caring  for  oil  and  one  not  liable 
to  much  waste. 

Sign  Room.  It  is  convenient  to  have  racks  for  the  storage  of 
signs  used  on  cars  and  they  should  be  convenient  to  the  operating 
section,  so  that  the  shifting  of  signs  can  readily  be  made.  There 
should  be  facilities  for  the  posting  of  signs  for  the  dashers.  This 
work  should  be  done  in  a  room  set  apart  for  it. 
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Sand.  It  is  important  to  provide  for  the  storage  and  drying  of 
sand.  The  apparatus  for  the  drying  should  be  placed  dose  to  the 
operating  end  of  the  house  and  should  allow  circulation  of  air  as  well 
as  of  heat.  The  process  of  drying  is  slow  at  the  best,  so  that  it  is 
well  to  have  a  large  storage  space  adjacent  to  the  heater.  This 
space  should  be  filled  with  air-dried  sand  in  the  summer,  and,  with 
the  assistance  of  the  heater,  an  ample  supply  can  be  kept  on  hand 
during  the  winter.  In  the  Luzerne  car  house  of  the  Philadelphia 
Rapid  Transit  Co.,  an  elaborate  sand-storage  and  distributing 
equipment  has  been  installed  to  make  it  easy  for  the  crews  to  fill 
their  boxes  with  clean  sand  in  the  shortest  possible  time  and  without 
placing  bins  throughout  the  building. 

For  this  purpose  the  company  built  a  sand  house  where  the 
sand  brought  from  the  drying  plant  in  hopper-bottomed  cars  is 
dumped  and  then  raised  by  a  motor-driven  bucket  elevator  to  a 
belt  conveyor  which  distributes  its  load  throughout  the  sand- 
handling  panel  extending  across  the  rear  of  the  car  house.  This 
panel  is  i6  ft.  wide  and  is  lighted  by  means  of  steel-sash  windows  in 
the  rear  wall.  Outlets  from  the  bottom  of  the  sand  storage  are 
provided  at  the  partition  walls  with  a  supply  pipe  for  each  side  of 
the  partition.  To  obtain  sand,  it  is  necessary  only  to  raise  a 
weighted  valve  and  the  sand  receptacle  will  be  filled. 

Salt.  Less  space  is  required  for  the  storage  of  salt,  but  fuU  pro- 
vision for  its  handling  is  just  as  necessary. 

Heating  systems  recommended  (by  Am.  £1.  Ry.  £ng.  Assn., 
191 1,  Committee  on  Buildings  and  Structures): 

(a)  For  car  houses,  a  blower  system,  where  the  air  is  blown  over 
steam  coils  and  through  the  building. 

(b)  Large  car  shops,  the  blower  system,  except  in  the  paint  shop, 
where  direct  steam  radiation  is  advised.  For  the  small  shop,  either 
direct  steam  or  a  hot  water  heating  system. 

(c)  Isolated  waiting  rooms,  only  practicable  to  heat  if  attended — 
generally,  standard  coal  stoves  are  advisable.  If  waiting  room  is  large 
and  pretentious,  steam  or  hot  water  heating  system  may  be  used. 

(d)  Unisolated  waiting  rooms.  Direct  steam  or  hot  water  system 
is  generally  advisable. 

(e)  Small  isolated  ticket  booths  and  the  like  maybe  satisfactorily 
heated  with  the  ordinary  electric  car  heater. 

Lighting.  The  pit  room  should  be  well  lighted,  but  a  proper  disr 
position  of  lights  will  make  their  number  comparatively  »nall. 
One  satisfactory  and  economical  arrangement  is  to  place  lamps  on 
one  side  of  pit  about  18  ft.  on  centers.  Each  lamp  is  portable  and 
enables  the  inspector  to  place  it  close  to  any  desired  point,  and  a 
hook  attached  to  the  lamp  allows  it  to  be  hung  up.  Sufficient 
light  should  be  provided  in  those  places  where  trolleys  are  usually 
shifted.  For  the  sake  of  the  eyes,  light  should  not  be  stinted  in  the 
reading,  report  and  other  rooms  attached  to  the  lobbies.  All  in- 
terior wiring  should  be  installed  in  conduits. 

Road  and  Line  Departments.  When  quarters  for  the  road  and 
line  departments  are  to  be  furnished,  they  should  be  placed  so  as  to 
have  yard  room  adjoining.  The  headquarters  themselves  should  be 
of  ample  size  to  take  the  more  or  less  bulky  materials  that  are  used. 
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Proper  provisions  should  also  be  made  for  the  locking  up  of  copper 
and  other  valuable  portions  of  the  stock. 

Express  AccoimnodatiQns.  Companies  doing  or  contemplating 
doings  an  express  business  may  wish  to  establish  a  terminal  at  the 
car  house.  In  such  cases  the  room  should  be  so  situated  that  the 
express  cars  and  teams  receiving  and  delivering  shall  not  interfere 
with  the  operation  of  the  regular  cars,  and  will  not  be  in  the  way  of 
future  improvements  of  the  house.  It  should  also  be  placed  so  that 
the  derk  m  charge  could,  if  he  had  spare  time,  do  other  duties  con- 
nected with  the  general  routine. 

Repair -shop  Design 

The  following  excellent  compilation  of  figures  from  ten  electric 
railway  repair  shops,  giving  consideration  to  relative  areas  of  dif- 
ferent departments,  as  well  as  to  ground  and  building  areas,  is  taken 
from  the  Electric  Raiiway  Journal,  191 2: 

It  is  believed  that  past  experience  has,  by  a  process  of  elimination 
and  addition,  determined  approximately  correct  areas  for  the 
various  shop  departments,  and,  in  consequence,  a  series  of  averages 
taken  from  representative  repair  shops  should  determine  a  definite 
standard  whidi  may  be  expressed  in  exact  terms.  It  is,  of  course, 
true  that  the  individual  ideas  of  different  designers  as  well  as  local 
conditions  have  affected  the  arrangement  and  proportions  of  exist- 
ing shops,  but,  in  a  set  of  averages  from  any  large  number  of  ar- 
rangements, these  variations  cancel  out  and  become  negligible  in 
the  general  result.  In  order  to  obtain  figures  upon  which  to  base 
averages,  ten  shops  have  been  selected  as  representative.  These 
are  shown  in  the  following  table,  which  also  gives  the  reference  to 
the  files  of  the  Electric  Railway  Journal,  where  descriptions  of  the 
different  shops  may  be  found: 


Shop 

Fig. 

Railway 

Reference 

Milwaukee 

Baltimore 

Seattle 

Rochester 

Anderson 

Minneapolis. . . . 

Portland 

Syracuse 

Chicago 

Montreal 

33 
32 

35 
36 
40 
39 

34 
37 

38 

Milwaukee  Electric  Ry.  St 
Lt.  Co. 

United  Railways  and  Elec- 
tric Co. 

Seattle  Electric  Co 

New  York  State  Railways. . 

Union  Traction  Co.  of  Ind. 

Twin  City  Rapid  Transit 
Co. 

Portland  Railroad  Co 

Oneida  Railway  Co 

Chicago  Railways  Co 

Mtintreal  St.  Ry.  Co 

Feb.   4,  1911,  p.     306 

Apr.   4.  1903,  p.     Sia 

Oct.    2,    1909,  p.    S37 
Apr.  II,   1903,  p.    S49 
Apr.   4,  is>o8,  p.    540 
Oct.  10,  1908,  p.    891 

Nov.  26,  1910,  p.  I0S7 
Apr.     I,  I9fi,  p.    S5^ 
Mar.  25,  1911.  p.    402 
Oct.   29,  1910,  p.    908 

Proportions.  For  the  purposes  of  comparison  each  one  of  the  ten 
shops  has  been  divided  into  eight  different  departments,  namely,  (i) 
repair  shop,  (2)  machine  shop,  (3)  blacksmith  shop,  (4)  carpenter  or 
erecting  shop,  (5)  storeroom,  (6)  armature  room  or  electricsu  depart- 
ment, (7)  wood  mill,  (8)  paint  shop  and  wash  rooms.  The  repair 
shop  is  intended  to  include  the  building  or  area  where  general  repair 
work  is  done  upon  cars.  It  includes  the  truck  shop  and  the  space 
provided  for  floor  work  on  running  gears,  brake  rigging  and  such 
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repair  work  on  controller  wir- 
ing, sand  boxes,  railways, 
door  rigging  and  the  like  as 
can  be  done  either  upon  the 
car  or  without  necessity  for 
use  of  .special  appliances 
available  m  other  depart- 
ments. The  machine  shop 
and  the  blacksmith  shop 
cover  the  space  assigned  to 
metal- working  machinery,  in- 
cluding the  wheel  shop.  The 
carpenter  or  erecting  shop 
provides  space  for  heavy  re- 
pairs ufK)n  car  bodies  and  is 
distinct,  from  the  repair  shop 
in  that  in  the  latter  only  light 
cari>entry  repairs  which  will 
not  hold  the  car  are  done  as 
needed.  The  storeroom  is 
the  building  or  room  where 
stock  material  is  kept  and 
does  not  include  storage 
space  outside  for  heavy  ma- 
terials nor  the  interior  space 
used  for  storing  material  im- 
mediately needed  in  the 
different  departments  such 
as  bar  iron  for  the  black- 
smiths and  unmounted 
wheels  at  the  wheel  press. 
It  does,  however,  generally 
include  the  shop  offices. 
The  armature  room  is  in- 
tended to  include  space  for 
strictly  electrical  repairs  al- 
though the  line  of  demarca- 
tion between  this  department 
and  the  machine  shop  is  not 
well  defined  on  account  of  the 
machine  shop  work,  in  'strip- 
ping and  testing  motors,  tum- 
mg  and  slotting  commuta- 
tors and  the  like.  The  wood 
mill  covers  the  space  assigned 
to  wood- working  machinery 
and  includes  the  cabinet  shop 
wherever  a  separate  room  is 
installed  for  that  work.  The 
paint  shop  and  wash  room,  in 
addition  to  the  work  indicated 
by  the   title,  includes  paint 
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mixihg  and  storage  space,  room  for  sash,  doors  and  seat  storage 
and  the  varnishing  rooms.  Of  the  minor  departments  the  dry.kihi 
and  heating  boilers,  being  subject  to  arbitrary  considerations,  are 
omitted  in  making  up  averages.  The  tin  shop  has  been  included 
with  the  blacksmith  shop  when  possible,  and  the  brass  foundry, 
where  one  is  installed,  has  been  omitted,  as  its  existence  depends 
upon  whether  it  is  the  policy  of  the  company  to  purchase  or  manu- 
facture its  brass  fittings.  Space  devoted  to  inspection  of  cars  or 
storage  of  cars  has  been  omitted  in  every  case  for  the  same  reason, 
as  these  are  operating  and  not  strictly  repair-shop  facilities. 

On  this  basis  the  area  of  each  department  of  each  of  the  ten  shops 
has  been  determined  and  the  relative  area  of  each  department  has 
been  expressed  as  a  percentage  of  the  total  area  of  the  shop.  These 
percentages  are  shown  in  the  following  table: 

Relative  Asea  of  Departments  Expressed  as  Percentage  of 

Total  Shop  Area 


• 

Repair 
shop 

Machine 
shop 

Black- 
smith 
shop 

Car- 
penter 
shop 

Store- 
room 

Arma- 
ture 
room 

Wood 
mill 

Paint 
shop 
and 
wash- 
room 

Milwaukee..  . 
Baltimore. . .  . 

Seattle 

Rochester 

Anderson. . .  . 
Minneapolis 
Portland 

Syracuse 

Chicago 

Montreal. . . . 

19.6 
17.9 
17.4 

31.0 

23. 0 

9.S 

19,.  S 

30.3 

31. 1 
23-3 

12.9 

7.4 
10.8 
13.6 

8.3 
8.3 

8.4 

S-S 

12.6 

8.6 

59 
3.7 
3.1 
2.3 

3.3 

7.1 
6.2 

i.S 
1.4 
4-9 

18.3 
17.9 
13.9 
10. s 

17. S 

17.7 
10.7 

18.7 
22.5 
19.0 

13.8 
12.4 
18. 1 
30.4 

16.4 
17.8 
II. s 

18. 5 

10.6 

5-2 

3.2 

5-6 
8.3 
8.3 

IS 
4.1 
S-S 

6.9 

12.8 

7.0 

5.6 

9.7 
8.9 

7.8 

2.4 

IS. 2 

7.6 

17.4 
23.1 
23.3 

13.4 

17.2 
22.4 
27.6 

21.7 

18.3 
20.5 

Averages.. . 

30.3 

9.4 

4.0 

16.8 

14.9 

S-3 

8.2 

21. 1 

The  list  of  shops  shown  has  been  made  up  without  regard  to  size 
or  the  number,  type  or  size  of  the  cars  served  by  it.  It  is  possible  that 
these  factors  may  influence  the  relative  areas  of  the  different  depart- 
ments, but  the  table  shows  that  any  such  influence  is  very  slight. 
This  may  be  accounted  for  by  the  fact  that  large  cars  will  have 
large  piotors  and  heavy  trucks  and  wheels.  Large  cars  will  also 
contain  more  wood  than  small  ones,  and  all  departments  will  in- 
crease in  approximately  the  same  proportion  as  more  shop  space  is 
required  to  house  the  car  bodies. 

Exceptions  from  the  General  Average.  With  few  exceptions  all 
the  shops  seem  to  agree  reasonably  well  with  the  average.  Notable 
among  the  exceptions  are  the  Minneapolis  and  Syracuse  shops  with 
repair  departments  respectively  50  per  cent,  and  150  per  cent,  of  the 
areas  indicated  as  good  practice  by  the  average  of  the  table.  The 
former  is  accounted  for  by  the  fact  that  part  of  a  car  house  not  shown 
on  the  drawing  of  the  Minneapolis  shops  is  used  as  a  light  repair 
shop.  Since  the  area  devoted  to  this  purpose  is  unfortunately 
indeterminate,  it  has  not  been  added  in  the  repair  shop  area.    The 
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large  size  of  the  re- 
pair shop  at  Syra- 
cuse, on  the  other 
hand,  has  resulted 
in  the  space  be- 
tween the  tracks 
being  used  for  stor- 
age  of  various 
heavy  materials. 
It  is  manifestly  not 
a  crowded  depart- 
ment. An  excep- 
tion in  the  case  of 
machine  shop  area 
will  be  found  at 
Syracuse  where  no 
floor  work  is  done 
in  the  machine 
shop.  It  is  not 
necessary  in  this 
case,  as  there  is 
ample  room  for 
that  purp>ose  in  the 
unusually  large  re- 
pair shop  adjacent 
to  it.  Two  very 
small  blacksmith 
shops  are  found  in 
the  cases  of  Syra- 
cuse and  Chicago. 
At  Syracuse  con- 
tracts are  made 
with  outside  local 
smithies  for  much 
of  the  blacksmith 
work  and  naturally 
only  limited  space 
is  necessary.  In 
Chicago  the  black- 
smith shop  is  re- 
ported by  the  chief 
engineer  of  the 
Clucago  Railways 
Company  to  be 
badly  crowded  just 
as  is  indicated  by 
the  figures  and  it 
is  to  be  extended 
in  the  near  future. 
The  large  black* 
smith  shop  at  Min- 
neapolis can  be  ac- 
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counted  tor  by  the  tact"  that 
a  hitge  amount  of  manufac- 
tuiing  is  done  in  the  ^op. 
All  carpenter  shops  seem  to 
run  reasonably  close  to  the 
average,  except  possibly 
Portlajid,  which  is  a  small 
shop  and  not  subject  to  any 
strict  lines  of  demarcation 
between  departments,  and 
Rochester,  which  has  small 
cars  and  narrow  track  spao 
mg  in  the  carpenter  shoo. 
The  exceptions  to  the  nile 
in  the  case  of  storehouse 
areas  are  at  Chicago  and 
Rochester.      The  first  may 
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a  large  dty  where  purchase 
of  materials  of  all  kinds  can 
be  made  on  short  notice,  as 
well  as  the  fact  that  the 
company  has  other  store- 
houses at  difierent  points 
on  its  lines.  The  lar^ 
storage  area  at  Rochester  is 
clearly  due  to  the  fact  that 
no  material  is  stored  outside 
the  building,  it  being  placed 
in  a  liasement  extending 
under  the  entire  shop. 
Syracuse  a  again  in  evi' 
dence  with  an  exceptionally 
small  armature  room,  which 
is  stated  to  be  ample  in  size 
for  the  reason  that  no  elec- 
trical equipment  on  the  cars 
b  overloaded  or  subjected  to 
other  abuse.     It  is  reported 

rewound  at  these  shops. 
Syracuse  and  Chicago  show 
extreme  variations  from 
normal  in  the  size  of  the 
wood  mill.     At  the  former 

te  no  reason  is  assigned 
this,  although  it  is  re- 
ported by  the  management 
to  be  very  compact  in  ar- 
rangemeot.  At  Chicago  the 
milT  was  purposely  laid  out 
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^    so  as  to  perinit  wagons. 
g    to  pass  between  the  nta- 

t  dunes,  and  space  for 
storing  50,000  ft.  of 
fc  lumber  on  the  nip  floor 
a  is  provided.  This  natu- 
^  rally  follows  from  the 
"  fact  that  no  lumber 
s  storage  could  be  pro- 
S  vided  outside  on  ac- 
J  count  of  location  in  a 
'?  congested  dty.  The 
y  paint  shops  in  every 
"  case  except  Rochester 
0  run  reasonably  close  to 
»  the  average,  the  maxi- 
mum being  *s  per  cent. 
above and  the  m' 


mah      T 


The  limited  area 
of  paint  shop  at  Ro- 
chester    may    be    ac- 
counted for  on  the  same 
ground    as    the    small 
carpenter  shop  at  this 
point,     namely,    small 
cars    and    ck^    track 
J   spacing.  From  the  fore- 
g    going  it  appears  that  a 
I    distinct     relation     be- 
^   tween  the  areas  of  tiie 
g    various  departments  in 
a    repair  shops  has  become 
g   established     and     that 
^    present  practice  in  the 
^    matter    is     reasonably 
S    well  standardized. 
S       Size     of    Building. 
[    The  actual  areas  of  the 
^   building    or    buildings 
^    required  for  housing  tbe 
g    various  departments  of 
tbe  repair  shop  of  any 
electric  railway  are,  oS 
course,    subject    to     a 
number  of  obscure  fac- 
tors.       Probably    the 
easiest   way  to    arrive 
at  a  basis  for  compari- 
son is  to  consider  the 
areas  in  square  feet  per 
car  served  by  the  shop. 
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Flc.  31. — SyiacuBe  shop  arrange: 
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ifltt: 


Machine  Shop 


lS|Tnick  Shoj  g 


Axmature'Eooia 
above 


gl     100^    I 


90' 
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=  S 


-Paint  Shop- 


rnpffiee 


WaahBoom 


Fig.  39. — Minneapolis  shop  arrangement. 
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Office  above. 

FzG.  40. — Anderson  shop  arrangement. 
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It  is  granted  that  this  is  an  exceedingly  rough,  approximate  method, 
but,  in  view  of  the  fact  that  there  is  necessarily  a  certain  relation- 
ship between  size  of  shop  and  number  of  cars,  a  table  has  been 
prepared  to  show  the  range  through  which  this  unit  varies.  In 
determining  the  areas  given,  only  buildings  have  been  included. 
No  yard  space  of  any  kind  is  considered,  and  covered  transfer 
tables  where  they  exist  have  been  omitted. 

Relation  of  Shop  Areas  to  Total  Number  of  Cars  Owned 

BY  the  Railway 


Shop 


Number  of 
cars  owned 


Floor  area 
of  shop 


Square  feet  of 
daop  per  car 


Milwaukee(a) . . 

Baltimore 

Seattle 

Rochester(fr)  (c) 


Anderson 

Minneapolis. 
Portland.... 


Syracuse  (c) 
Chicago. . . . 
Montreal.. , 


Average  of  results. 
Totals 


1.500 

1.780 

450 

336 

300 
787 

310 

350 

3,300 

570 


8,383 


384.600 

343.400 

83,900 

56,000 

70,300 

168,800 

38,400 

65,900 
363,100 

iii.Soo 


1,383.800 


190 

137* 
•184 

237 

344 

315 

183 

364 

130* 

196 


197 
167 


(a)  Number  of  cars  estimated,     (jb)  Number  of  cars  based  on  annual 
output  of  ahop.     (c)  Floor  area  includes  part  basement. 
^  Two  bays  used  for  car  storage  not  included. 
*  All  light  repairs  are  made  at  car  houses. 

With  the  exception  of  Baltimcure  and  Chicago,  all  shops  seem  to 
have  an  area  approximating  200  sq.  ft.  per  car  owned.  At  Balti- 
more the  tracks  are  spaced  on  lo-ft.  6-m.  centers  and  this  is  un- 
questionably too  narrow  for  efhcient  operation.  If  the  track  spac- 
ing were  increased  to  the  customary  16  ft.,  the  area  occupied  by 
cars  would  be  increased  50  per  cent.  As  will  be  shown  later,  the 
space  occupied  by  cars  is  approximately  half  of  the  total  shop  area 
so  that  the  wider  track  centers  distances  would  increase  the  total 
area  25  per  cent,  and  bring  the  area  per  car  up  to  172  sq.  ft.  At 
Chicago  considerable  work  is  done  in  the  outside  car  houses.  This 
includes  all  light  repairs,  installing  wheels,  armatures  and  motors 
and  overhauling  trucks,  so  that  the  main  shop  is  relieved  to  a  con- 
siderable extent. 

Influence  of  Various  Factors  on  Size  of  Shop.  The  same  result 
may  be  arrived  at  in  a  somewhat  different  manner  by  assuming 
that  each  car  in  the  shop  occupies  a  space  60  ft.  long  and  15  ft.  wide. 
The  length  of  60  ft.  is  based  on  a  45-ft.  car  body  with  a  7-ft.  6-in. 
space  at  each  end  for  passageway,  trucks  and  waste  room.  The 
width  is  assuxoed  arbitrarily  from  the  track  spacing  existing  in 
many  shops.  This  gives  a  total  area  of  900  sq.  ft.  required  for 
each  car  wnich  stands  in  the  shop.  However,  the  whole  of  the  shop 
is  not  devoted  to  housing  car  bodies,  and  by  referring  to  the  first 
table  the  average  condition  will  be  found  to  be  as  foUows: 
9 
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Space  not  used  for  cars 

Per  cent. 

Machine  shop 9.4 

Blacksmith 4.0 

Storeroom .- 14  •  9 

Armature  room S  •  3 

Wood  mill 8.2 

Cabinet  shop,  varnish  rooms,  etc.,  say  is   per  cent,  of 

paint  shop 3-3 

Truck  shop,  say  25  per  cent,  of  repair  shop 5.0 

Total • SO. I 

Id  Other  words,  approximately  half  of  the  shop  is  used  for  housing 
cars  and  the  other  half  for  machinery  and  floor  work.  If  each  car 
requires  900  sq.  ft.  of  space  in  which  to  stand,  the  total  area  of  shop 
for  each  car  contained  in  it  will  be  twice  that,  or  approximately 
1800  sq.  ft.  Then,  if  10  per  cent,  of  the  equipment  is  held  in  the 
shop  at  any  one  time  for  repairs,  accidents  or  rebuilding,  10  per 
cent,  of  1800  sq.  ft.  of  shop  area  will  have  to  be  provided  for  each 
car  owned.  This  amounts  to  180  sq.  ft.  of  shop  per  car,  which 
checks  fairly  well  with  the  figures  indicated  in  the  preceding  table. 
This  is  undoubtedly  the  most  accurate  method  for  arriving  at  the 
proper  size  of  shop  for  any  electric  railway,  as  it  permits  allowance 
for  the  requirements  of  variations  in  length  of  car  body  as  well  as 
for  unusual  conditions  which  might  necessitate  frequent  shoppings 
due  to  numerous  accidents  or  excessive  wear.  The  latter  allowance 
may  be  made  by  using  judgment  in  selecting  the  expected  percent- 
age of  cars  held  in  the  shop.  In  crowded  city  streets,  for  instance, 
where  accidents  are  common,  it  would  not  be  unreasonable  to  as- 
sume that  1 2  per  cent,  of  the  cars  owned  might  be  held  in  the  shop. 
On  the  other  hand,  where  equipment  is  first  class  and  conditions 
good,  it  is  safe  to  reduce  the  figure  to  8  per  cent.  This  method  can 
be  expressed  by  the  formula: 

Shop  area  in  square  feet  =  2Xi^X5XCXP 
where  L  =  length  of  average  car  plus  15  ft. 
S  =  track  spacing  (generally  15  ft.) 
C  =  number  of  cars  owned  by  the  railway 
P  =  maximum  percentage  of  cars  held  out  of  service  in  the 
shop  (generally  lo  per  cent.). 

As  a  further  check  on  these  figures  the  following  table  has  been 
prepared  to  show  the  approximate  capacity  in  cars  of  each  o£  the 
ten  shops  here  considered,  also  the  percentage  of  the  total  number 
of  cars  held  in  the  shop  and  the  number  of  square  feet  of  shop  for 
each  car  which  it  can  hold.  The  figures  in  column  6  are  obtained 
by  dividing  those  in  column  4  by  those  in  column  5.  The  figures 
in  column  8  are  obtained  by  dividing  the  figures  in  column  7  by 
those  in  column  4. 

The  figures  in  column  8,  or  the  area  of  shop  per  car  housed,  corre- 
spond to  the  value  2  X  i^  X  •S^  given  in  the  formula  and  are  com- 
parable to  the  figure  of  1800  mentioned  in  the  example  previous  to 
that.  The  figures  in  column  6,  or  the  percentage  of  cars  owned 
which  can  be  housed  in  the  shop,  correspond  to  the  term  P  in  the 
formula.    The  fact  that  the  Syracuse  shops  can  hold  over  17  per 
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cent,  of  the  cars  on  the  road  is  not  necessarily  evidence  that  they 
ever  do-  so.  The  peculiarly  large  repair  shop  at  Syracuse  accounts 
for  this  condition;  for,  while  this  dej^artment  has  capacity  for  eight- 
een cars,  there  is  no  indication  that  it  ever  needs  to  nold  over  eight. 
The  low  area  of  shop  at  Baltimore  per  car  contained,  as  shown  in 
column  8,  may  be  accounted  for  by  the  fact  that  the  shop  tracks 
are  set  on  lo-ft.  6-in.  centers.  The  latest  practice  calls  for  15-ft. 
and  i6-ft.  centers,  and  this  would  add  about  25  per  cent,  to  the 
figures  shown. 

Relation  of  Shop  Area  and  Nuicbeh  of  Cass  Owned  to  the 
Number  of  Cars  Which  Shop  will  Contain. 


• 

Capacity  in  car 
(50  ft.  long) 

(I) 
Re. 
pair 
shop 

(2) 

Erect- 
ing 

shop 

(3) 
Paint 
shop 

(4) 

Total 

No.  of 

cars 

held 

shop 

(5) 

Total 

No.  of 

cars 

owned 

road 

(6) 

Per 
cent.of 
all  cars 

held 

shop 

(7) 

Area  of 

shop  in 

sq.  ft. 

(8) 

Sq.  ft. 
of  shop 
per  car 

con-, 
tained 

•         •* 

m  It 

Milwaukee. . . 
Baltimore. . . . 

Seattle 

Rochester 

Anderson. . . . 
Minneapolis 
Portland 

Syracuse 

Chicago 

Montreal .... 

*2 
S6 

7 

5 

12 

"4" 

18 
36 
15 

h 

10 

13 

35 
3 

13 
72 
31 

52 
64 

23 
10 

12 
36 
13 

14 

18 

1 40) 

184 

37 

25 

36 

71 
19 

54 

1,500 

1.780 

450 

336 

300 

787 

310 

350 

3,300 

570 

9.3 
10. 8 

8.3 
10.6 

13.0 
8.9 
9.0 

17.6 
7.2 
9-5 

'384,660 

343.400 

83,900 

56.000 

70,300 

168,800 

38,400 

65.900 
363,100 
111,500 

3.030 
1.320 

2.240 
2,370 

1. 950 
3,370 
1.940 

1.500 
1.650 
3,070 

Averages.. . 

19 

38 

29 

76 

10.3 

1,944 

Ground  Areas*  In  the  foregoing  only  the  areas  of  buildings  or 
floor  areas  of  the  various  departments  have  been  considered.  It  b, 
of  course,  undesirable  to  build  a  shop  upon  a  plot  of  ground  of  the 
exact  si^e  of  the  building.  There  are  many  classes  of  material,  such 
as  wheels,  iron  castings,  lumber,  scrap  and  the  like,  which  can  be 
conveniently  stored  outside  of  the  shop  building,  and  this  is  un- 
doubtedly better  than  to  have  them  occupying  valuable  space  under 
a  roof,  or  to  have  them  kept  in  a  storeyard  at  some  distance  from  the 
shop.  In  addition  to  this  it  is  not  unusual  to  make  use  of  the  shops 
for  storing  and  repairing  track  material  so  that  a  need  exists  for  a 
plot  of  ground  considerably  larger  than  the  shop  buildings.  Un- 
fortunately no  set  relation  appears  to  exist  between  building  and 
ground  areas.  ^  However,  the  following  table  has  been  prepared  to 
give  a  concei)tion  of  present  practice  in  regard  to  the  total  area  of 
ground  required.  The  figures  have  been  worked  out  in  three 
ways,  each  column  showing  the  same  area  expressed  in  different 
form. 

It  will  be  noticed  from  this  table  that  a  marked  difference  in  area 
of  ground  required  exists  between  those  shops  which  are  composed  of 
separate  buildings  and  those  in  which  all  departments  are  grouped 
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Areas  of  Shop  Grounds 


Area  of 

• 

ground 

Per  cent. 

Area  per 

Area  per 

and 
build- 

of 
building 

100  cars 
owned. 

car 
owned. 

Remarks 

ings. 

area 

acres 

sq.ft. 

acres 

Milwaukee 

95 

144 

0.63 

273 

Baltimore 

II. 9 

214 

0.67 

292 

* 

Seattle 

9.0 

470 

2.00 

870 

Separate    buildings 

Rochester. .... 

0.9 

"5 

0.31 

133 

Basement  area  not 
include  d.«  No 
transfer  table. 

Anderson 

5-5 

342 

1.83 

800 

Minneapolis. . . 

19.7 

Sio 

2.50 

1090 

Separate  buildings. 
Includes  track  ma- 
terial. 

Syracuse 

3.6 

236 

1.44 

620 

Chicago 

II. 0 

180 

0.49 

214 

Basement  area  not 
included. 

under  one  roof  or  are  located  in  two  or  three  large  buildings  sepa- 
rated only  by  narrow  transfer  tables.  The  former  arrangement 
offers  a  much  greater  protection  against  disastrous  fires,  permits 
better  natural  lighting  facilities  and,  especially  for  large  ^ops,  gives 
an  opportunity  for  greater  flexibility  in  design.  However,  it 
appears  that  the  spaces  between  the  different  buildings  are  not 
needed  aside  from  their  value  for  fire  protection,  and  that  separating 
departments  in  different  buildings  necessitates  a  considerably 
greater  ground  area  for  the  shops.  The  low  figure  of  0.31  acre  j>er 
100  cars  owned  which  is  shown  for  Rochester  is  due  to  the  fact 
that  this  shop  has  a  basement  extending  under  the  entire  shop 
building.  This  in  effect  makes  a  two-story  shop  and,  as  has  been 
mentioned  before,  gives  the  shop  an  unusually  large  storeroom. 
The  area  outside  of  the  shop  usually  allowed  for  heavy  storage  has 
in  this  case  been  put  into  a  oasement.  The  same  arrangement  ob- 
tains in  a  limited  degree  at  Syracuse,  where  part  of  the  shop  building 
is  provided  with  a  storage  basement.  Chicago  has  a  lay-out  charac- 
terized by  decidedly  restricted  building  area  in  consid^ation  of  the 
total  number  of  cars  owned,  so  that  it  is  evident  that  the  minimum 
ground  area  required  for  a  complete  set  of  shops  is  somewhere  be- 
tween 0.49  acre  per  100  cars  owned,  as  at  Chicago,  and  1.83  acres,  as 
at  Anderson.  The  latter  shop,  as  shown  in  the  cut,  is  located  on  a 
triangular  plot  of  ground  which  is  at  best  difficidt  to  utilize.  In 
round  numbers,  it  is  probable  that  i  acre  per  100  cars  owned  is 
sufficient,  or  at  least  desirable,  for  a  compactly  designed  shop. 
When  separate  buildings  are  used  for  the  different  departments, 
and  especially  where  considerable  quantities  of  track  material 
are  stored,  2  acres  per  100  cars  owned  appears  to  be  the  least 
possible  ground  area  which  should  be  provided. 

Miscellaneous  Departmeiits.  The  dry  kiln  lumber  store,  boiler 
room  and  brass  foundry,  as  already  stated,  are  departments  whose 
areas  are  not  necessarily  dependent  upon  the  considerations  affect- 
ing the  proportions  of  the  rest  of  the  shop.  Where  the  information 
can  be  obtained  the  areas  of  these  minor  departments  are  as 
follows: 
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Areas 

OF  Miscellaneous  Departments  (Square  Feet) 

Dry 
kiln 

Lum- 
ber 
room 

Boiler 
room 

Percent- 
age of 

total 
building 

area 
occupied 

by 
boilers 

Brass 
foun- 
dry 

Pat- 
tern 
store 

Toilet 

and 

locker 

rooms 

Percent- 
age of 
total 
building 

area 
occupied 
by  toilet 
facilities 

Milwaukee.. . 

2620 
5000 

1 

Ral+.imnre. .  .  . 

4500 

2 

2 

Seattle • . . 

'    600 

Rochester. . . . 

1250 

2 

Anderson. . . . 

2500 

1250 

1200 
3000 

2 

M  inneaoolis 

4900 

6000 

4 

2 

Portland 

1 100 

Svracuse 

1500 
1500 

2 
O.S 

700 
2200 
2000 

I 

Chicago 

Montreal.  .  .  . 

1000 
1000 

3000 

2400 

7SOO 

I 

2 

Provision  for  Growth.  Examinations  of  the  shop  arrangements 
shown  in  Figs.  31  to  40  disclose  the  somewhat  unexpected  condition 
that  only  a  minority  of  the  ten  contain  distinct  provision  for  future 
extension.  ^  It  is,  of  course,  possible  to  extend  any  shop  provided 
that  sufficient  ground  area  is  provided  around  it,  but  m  most  of 
the  layouts  shown  an  extension  could  only  be  made  by  shifting 
departments  or  adding  to  the  sides  instead  of  the  length  of  the 
buildings. 

MisceUaneous  Considerations.  A  number  of  features  of  the 
different  shops  under  consideration  a£fect  indirectly  the  areas  of 
the  different  departments,  and  for  that  reason  they  are  shown  in 
the  table  on  the  following  page. 

The  matter  of  track  spacing,  or  the  distances  between  centers  of 
tracks,  is  the  most  important  matter  covered  in  the  table.  The 
average  for  all  of  the  ten  shops  is  approximately  14  ft.  6  in.  for  all 
departments.  However,  of  the  ten  shops,  Baltimore  and  Rochester 
were  built  prior  to  1903,  or  more  than  5  years  before  the  other 
eight.  The  present  tendency  seems  to  be  strongly  in  favor  of  a 
wider  spacing.  If  these  two  shops  are  omitted,  the  average  spacing 
becomes  as  follows: 

Repair  shop 15  ft.  7  in.  c.  to  c. 

Brecting  shop 15  ft.  5  in.  c.  to  c. 

Paint  shop 15  ft.  i  in.  c.  to  c. 

Of  the  methods  used  for  raising  cars  off  trucks,  electric  traveling 
cranes  or  hoists  appear  generally  to  be  preferred.  However,  their 
use  does  not  actually  tend  toward  compactness  of  shop.  Crane 
installations  are  not  confined  to  the  largest  plants,  aUhough  it 
would  seem  that  they  are  peculiarly  adapted  to  such  shops.  Trans- 
fer tables  are  used  by  seven  out  of  ten  shops  in  preference  to  ladder 
tracks.  This  preponderance  of  opinion  is  evidently  due  not  only 
to  the  convemence  and  speed  of  the  transfer  table  but  also  to  the 
high  cost  of  the  complicated  overhead  work  and  switches  necessary 
without  it.    The  location  of  armature  rooms  on  a  gallery  or  second 
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Factors  Indirectly  Affecting  Shop  Areas 


Track 
spacing 

• 

Use  of  tracks 

which  hold 

more  than 

two  cars 

1 

(30 

c 

■M 

•  «-« 

c« 

Per 
cent. 

of 

tracks 

with 

pits 

Methods 

of  lifting 

cars  off 

trucks 

Trans- 
fer 
table 
pro- 
vided 

Arma- 
ture 

room 
on 

second 
floor 

1 

d 
*S 

04 

Milwaukee.. 

Baltimore. . . 
Seattle 

16 

11 

16 

IS 

16 
14 

16 

isH 

16 

IX 

16 

14 

r6 
14 

14 
16 

14 

II 

16 

IS 

16 
14 

ISH 
16 

29 
66 

48 
33 

63 

45 

2S 
70 

Traveling 

electric 

cranes 
Chain 

hoist 
Screw 

hoist 
Tacks 
Traveling 

■electric 

hoists 
Traveling 

electric 

cranes 
Jacks 
Hydraulic 

lift 
Traveling 

electric 

cranes 

Yes 

Yes 
Yes 

Yes 

•  •  ■  • 

Yes 

Yes 
Yes 

Yes 
Yes 

Rochester. . . 

Anderson. . . 

Yes 

Yes 

Yes 
Yes 

Yes 

Yes 
8 

Yes 

Minneapolis 

Portland 

Syracuse 

Chicago 

Montreal. . . 

Yes 

Yek" 
Yes 

Yes 
7 

Yes 
Yes 

Yes 

Yes 
Yes 

Yes 

Yes 

Yes 
Yes 

Yes 
Yes 

Totals, . 

3 

S 

8 

Story  does  not  appear  to  be  generally  favored  even  in  some  of  the 
shops  located  in  congested  city  districts.  Tracks  which  hold  more 
than  two  cars  are  favored  strongly  for  the  erecting  and  paint  shops, 
while  opinion  is  about  evenly  divided  for  repair  shops.  The  objec- 
tion sometimes  advanced  to  this  arrangement,  to  the  effect  that 
it  necessitates  holding  cars  which  may  be  finished  before  their  turn, 
and  also  involves  more  complicated  switching,  therefore,  does  not 
appear  to  be  considered  seriously. 


SECTION  m 
TRAIN  MOVEMENT 

Ton.  Note  that  the  ton  of  2000  lb.  (avoirdupois)  is  used 
throughout  the  book. 

Schedules.  In  the  preliminary  determination  of  schedules  for 
an  dectric  railway  the  factors  concerned  bear  directly  on  the  amount 
of  travel  between  various  points  and  the  time  intervals  during 
which  such  movements  exist.  Gotshall  lists  these  factors  and 
shows  their  relation  to  one  another  as  follows: 

P  =  number  of  people  required  to  be  carried 
Q  =  time  in  hours  during  which  business  of  P  lasts 
M  =»  number  of  people  one  car  will  hold 
S  =  schedule  sp^d  in  miles  per  hour  (including  time  for 

stops) 
H  —  headway  in  minutes 
D  =  length  of  line  in  miles 
N-  =  number  of  cars,  if  single  cars  be  used,  or  train  units,  if 

more  than  one  car  be  used 
T  =  time  in  minutes  occupied  in  running  between  terminals 

during  one  single  trip 


Then 


Q 
P 


=  number  of  people  to  be  carried  per  hour 


QM 


=  number.of  cars  required,  which  if  single  car  trains  be  used 

— = —  =  schedule  speed  in  miles  per  hour  =  S 
The  formula  connecting  N,  5,  D  and  H  is 

SXH 

which  by  transposition  is 

„       120  XD       ^      120  X  D 

The  foregoing,  together  with  the  knowledge  of  the  probable 
amount  of  the  heaviest  business,  will  give  at  once  the  number 
of  cai^  or  train  units  by  assuming  the  schedule  speed  and  headway, 
or,  if  the  number  of  train  units  be  fixed  in  advance,  by  assuming  the 
schedule  speed,  the  required  headway  is  at  once  shown. 

Chart  for  Headway  Calculations.  If  the  schedule  speed  and 
any  one  of  the  following  factors — headway  in  seconds,  headway 
m  feet,  cars  per  mile — is  given,  the  other  factors  may  be  obtained 
quickly  4>y  rdference  to  the  chart  developed  by  Mr.  H.  M.  Wheeler, 
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Asst.  Chief  Engt.,  Chicago  Railways  Company  (Electric  Rail- 
way Journal,  igio).  The  chart  is  reproduced  in  Fig.  i.  The 
curved  line  marked  "cars  per  mile"  is  an  hyperbola  and  shows  the 
rdatioD  between  cars  per  mile,  read  on  the  horizontal  scale,  and 
feet  as  shown  on  the  vertical  stole.  The  diagonal  lines  converging 
at  the  left  and  marked  "cBstance  between  cars"  show  for  various 
headways  in  seconds  (at  the  bottom  of  the  chart),  the  spacing  of 
cars  in  feet,  by  the  use  of  the  diagonal  line  corresponding  to  the 
proper  schedule  speed. 


i  go   H  10  ra  eo   SB  B 


Frequency  of  Stops.  The  following  table  (Standard  Hand- 
book) shows  the  usual  frequency  of  stops  as  encoimtercd  in 
various  classes  of  railway  service: 


approximately  as  follows  for  dlSerent 


stops  in  electric  railway  practice.     Fi^s.  a  and  3  show  the  results 
of  an  investigation  made  in  various  cities  on  tms  subject  by  Ui. 
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R.  W,  Harris  (Trans.  A.I.E.E.,  1910)  and  show  the  n.     _  

passengers  boarding  and  leaving  cars,  respectively',  the  number 
of  passengers  boaiduig  and  leavizig  being  plotted  against  the  number 
of  seconds  required  per  passenger  for  various  dties.  It  nill  be 
noted  that  practically  identical  curves  were  obtained  by  plotting 
data  observed  in  Milwaukee  on  diSerent  days  two  ntontl^  apart 


—Movement  of  passengers  boarding  cars. 


Ji 

tn  -Vl 

B 

n  DC  Ps  ^  ' 

H-nlJira  'I 

\1i 

ll;^ 

y^k 

V 

•b. 

0. 

~.~^z  ^ 

|o.TS 

'^- 

•I^ 

•Y* 

0^ 

imCL 

LL, 

PlO.  3- — Movement  of  puseneen  leaving  cus. 

On^hical  TVaia  Schedules  or  Train  ^Mts.  Many  factors 
entering  into  the  proper  construction  and  successful  operation  of  rail- 
ways are  at  once  apparent  from  the  graphical  train  schedule  which 
is  plotted  with  time  of  day  in  hours  and  minutes  against  distances 
in  Eeet  or  miles.  It  is  convenient  if  the  coordinate  drawn  through 
each  hour  division  be  made  a  heavy  line  on  the  coordinate  paper 
and  if  these  aectioDs  be  subdivided  into  aixtha  or  twelfths,  repre- 
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senting  lo-  or  s-n^inute  intervals,  respectively.  It  is  customary 
to  designate  the  distance  between  stations  in  feet  or  miles,  and 
the  location  of  any  points  of  special  engineering  interest,  such  as 
branch  lines,  railway  crossings,  city  and  township  limits,  etc.  Slop- 
ing lines  may  then  be  drawn  to  represent  the  progress  of  a  train  from 
station  to  station,  as  shown  in  Fig.  4,  reproduced  from  Harding's 
"Electric  Railway  Engineering."  The  iaclination  between  these 
lines  and  the  time  axis  depends  uponandrepresentsgraphically  the 
schedule  speed  of  the  train.    A  chart  made  up  of  such  straight  Unas 


Fic.  *, — Prdiminsry  intefurban  train  schedule. 
as  shown  in  Fig.  4  is  su£Gdently  accurate  for  a  rough  preliminary 
study  of  traffic  possibilities,  power  requirements  and  substation 
locations,  but  before  exact  time  tables  can  be  adjusted  and  meeting 
points  determined,  a  very  much  more  accurate  and  detailed 
graphical  train  schedule  must  be  drawn.  Such  a  schedule  involving 
several  different  schedule  speeds  over  various  sections  of  road  as 
well  as  a  representation  of  the  time  elapsed  in  making  station  stops 
is  shown  in  Fig.  5.  Such  a  graphical  schedule  enables  the  engineer 
to  predetermine  not  only  the  number  of  cars  necessary  to  maintain 
a,  given  schedule  and  the  position  of  all  such  cars  at  any  moment, 
but  it  also  locates  the  meeting  pconts  at  the  crossiiig  of  the  schedule 
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lines,  and  when  used  in  conjunction  with  the  jjower  curvea  of  the 
various  cars,  as  described  later,  it  aids  in  locating  substatiooa  and 
determining  the  average  and  maximum  loads  on  substations  and 
powec  stations.  Another  illustration  of  the  use  of  train  sheets  is 
shown  in  Fig.  6  from  Gotshall's  "Electric  Railway  Economics." 
In  this  case  some  oE  the  details  of  the  electrical  distribution  system 
are  also  shown.  The  particular  schedules  which  have  been 
illustrated  are  relatively  simple  ones.  With  the  addition  of 
express  and  local  service  and  in  some  cases  freight  and  mall  trains. 


Pig.  s.— Pinal  in 

he  necesMty  of  meeting 

lines,  a  graphical  schedule  may  become  rather  complicated,  but 
by  the  use  of  a  large  scale  drawing  such  solutions  are  made  with 
little  difficulty. 

Coefllcient  of  Adhesion.  As  used  in  railway  work  the  coefficient 
of  adhesion  is  the  coefSdent  of  friction  between  driving-wheel 
tread  and  rail.  It  is  equal  to  the  ratio  of  the  maximum  possible 
tractive  effort  (neglecting  torque  limit  of  motor  equipment)  at  the 
driving-wheel  tread,  to  the  normal  pressure  (called  effective  weight 
on  driver)  between  rail  and  driving-wheel  tread.  It  is  usually 
expressed  in  per  cent,  df  the  effective  weight  on  the  driver.    The 
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results  of  tests  to  determine  the  coefficient  of  adhesion  vary  con- 
siderably. This  variation  is  probably  due  to  the  difficulty  in  as- 
certaining, describing  and  duplicating  the  exact  condition  of  rail 
and  wheel  surfaces. 

It  is  common  steam  locomotive  practice  to  assume  0.22  and  0.25 
as  the  coefficient  of  adhesion  with  clean  very  dry  rails.  Because  of 
torque  uniformity  throughout  a  revolution  of  a  driving  wheel 
higher  maximum  values  are  possible  in  electric  railway  practice, 
but  in  order  to  take  full  advantage  of  this  fact  all  sudden  fluctua- 
tions in  torque  such  as  might  be  brought  about  by  improper  ar- 
rangement of  resistance  taps  or  improper  controller  manipulation 
must  be  avoided. 

Coefficient  of  adhesion  is  a  quite  variable  quantity  depending 
upon  the  condition  of  the  rail  and  wheel.  Neglecting  the  use  of 
sand,  a  clean  dry  or  very  wet  rail  gives  the  highest  coefficient  of 
adhesion.  Instances  have  been  noted  where  the  value  of  the 
coefficient  of  adhesion  with  a  thoroughly  wet  rail  has  been  nearly 
that  for  a  perfectly  dry  rail,  while  with  the  presence  of  moisture  in 
amounts  scarcely  perceptible  to  the  unaided  eye  it  has  been  found 
to  be  very  low.  Sand,  while  detrimental  in  its  abrasive  effect, 
improves  poor  adhesion  and  by  its  use  very  high  values  may  be  ob- 
tamed  with  dry  rail.  It  is,  however,  unsafe  to  depend  upon  sand 
to  improve  adhesion  with  dry  rail  because  the  sand  is  liable  to 
be  blown  from  in  front  of  the  wheel.  When  the  wheels  are  .slip- 
ping the  coefficient  of  adhesion  is  the  coefficient  of  kinetic 
friction  between  driving  wheel  tread  and  rail,  and  its  value  is 
less  thaA  o.io. 

Approximate    Values    of     Coefficient    of   Adhesion    (Withont 

Slipping) 

Clean  dry  rail o.  25  to  0.30;  with  sand  0.3s  to  0.40 

Clean  thoroughly  wet  rail 0. 18  to  o. 20;  with  sand  o. 2a  to  o. as 

Greasy  and  moist  rail o.  15  to  o.  18;  with  sand  o. aa  to  o. as 

Sleet  on  rail o.  15  with  sand  o. ao 

Light  snow  on  rail o.  10  with  san4.o.  15 

In  the  Electric  Journal,  1910,  Mr.  H.  L.  Kirker  notes  a  test  on 
a  Pennsylvania  R.  R.  direct-current  locomotive  developing  a  draw- 
bar pull  of  79,200  lb.  Since  this  locomotive  has  200,000  lb.  on 
the  orivers  this  indicates  a  coefficient  of  adhesion  of  about  0.40. 

Coefficients  of  Adhesion  Used  in  Design.  1 1  is  common  practice 
to  so  design  a  locomotive  that  it  will  be  able  to  slip  its  driving  wheels 
with  the  best  track  conditions.  The  following  table  from  weight 
and  tractive  effort  data  given  by  the  Electric  Journal,  19 10,  shows 
the  coefficients  of  adhesion  for  maximum  tractive  effort  used  in  the 
design  of  certain  electric  locomotives. 


Locomotive 

Wt.  on 
drivers,  lb. 

Max.  tractive 
effort,  lb. 

Coefficient  of 

adhesion  used 

in  design 

Grand  Trunk  &  St.  Clair  Tunnel 

N.Y.C.  &.H.R.R.R 

Detroit  River  TunT»el- ......... 

I32,OOQ 

141,000 
200,000 
184,000 

43.000 
47,000 
67,000 
61,000 

0.33 
0.33 
0.33 
0.33 

^«  Gw  V^*  X^*   Xv ••••••••••••••••• 
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The  Electric  Railway  Journal,  191 2,  states  that  the  maximum 
tractive  effort  measured  at  the  driving-wheel  treads  of  the  single- 
phase  locomotives  for  the  Dessau-Bitterfeld  line  of  the  Prussian 
Hessian  State  Rys.  is  15,400  lb.  for  the  passenger  locomotive  and 
26,400  lb.  for  the  freight  locomotive,  which  indicates  a  design 
coefficient  of  adhesion  of  about  0.21  for  the  passenger  locomotive 
and  0.19  for  the  freight  locomotive. 

Grades:  Actual,  Ruling,  Virtual 

Actual  Grade.  The  actual  grade  of  a  track  is  its  rate  of  uniform 
rise  or  fall.  It  is  equal  to  the  difference  in  devation  between  two 
adjacent  points  on  the  grade  divided  by  the  horizontal  distance 
between  them,  i.e.,  the  tangent  of  the  angle  of  indination  of  the 
track  to  the  horizontal.     Grade  is  generally  expressed  in  per  cent. 

Approximate  Value  of  Grade,    As  it  is  easier  to  measure  the  dis- 
tance along  the  track  than  along  the  horizontal,  this  substitution  is 
often  made.    This  introduces  no  serious  error  in  the  case  of  the 
small  angles  of  inclination  encountered  in  the  usual  railroad  work 
as  the  sine  thus  substituted  is  practically  equal  to  the  tangent. 

Average  Grade.  The  average  grade  of  a  section  of  track  con- 
necting two  given  points  is  the  ratio  of  the  difference  in  elevation 
of  these  two  points  to  their  distance  apart,  measured  in  the  same 
unit    It  is  usually  expressed  in  per  cent. 

Ruling  Grade.  The  ruling  grade  of  a  road  or  section  of  road  is 
that  grade  which  limits  the  weight  and  length  of  train  to  be  pro- 
pelled over  that  road  or  section  by  a  given  motive  power.  Its 
value  is  fixed  by  the  traffic  and  economic  conditions  encountered 
on  the  particular  section  under  consideration.  The  maximum 
weight  of  train  to  be  propelled  by  a  given  motive  power  and 
limited  by  the  ruling  grade  is  that  weight  of  train  which  the  given 
motive  power  would  cause  to  move  up  a  continuous  grade  equal 
in  per  cent,  to  the  ruling  grade,  at  some  predetermined  constant 
speed.  The  grade  of  the  greatest  per  cent,  on  a  section  need  not 
always  be  the  ruling  grade  for  that  section.  The  length  of  the 
grade,  the  rates  of  those  grades  preceding  it,  and  the  speed  of  the 
train  on  entering  the  grade  are  of  as  much  importance  as  the  rate 
of  the  grade,  because  a  grade  which  may  be  approached  at  consider- 
able speed  by  a  given  train  may  be  easily  passed  over  while  a  longer 
grade  of  much  lower  rate  may  be  sufficient  to  stall  the  same  train. 

Momentum  Grade.  A  grade  whose  operation  is  made  possible 
by  the  momentum  of  a  train  which  approaches  the  grade  at  a 
considerable  velocity  is  called  a  momentum  grade  (or  velocity 
grade).  Grades  of  much  greater  rate  than  that  of  the  ruling  grade 
may  be  operated  in  this  way  in  order  to  save  the  expense  of  their 
reduction.  The  argument  against  the  very  extensive  use  of  the 
momentum  grade  is  the  possibility  of  some  unforeseen  condition 
such  as  the  presence  of  a  new  crossing  or  a  new  stopping  place 
which  would  so  reduce  the  speed  of  the  train  that  the  momentum 
of  the  train  would  be  insufficient  to  help  it  over  the  grade.  The 
possibility  that  such  a  condition  will  arise  to  limit  train  movement 
is  more  remote  on  an  old  road  where  stopping  places  are  fairly 
well  established  than  it  is  on  a  new  road  in  a  rapicuy  growing  com^ 
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munity.  This  point  is  of  importance  in  fixing  the  ruling  grade  for 
a  new  road  or  in  reducing  the  rate  on  an  old  one.  In  some  cases  the 
necessity  for  reducing  or  removing  a  grade  may  be  foreseen,  but 
the  time  of  its  occurrence  may  be  so  remote  that  it  wiU  pay  to 
delay  this  reduction  or  removal  till  the  change  is  made  necessary 
by  developing  conditions. 

Virtual  Profile.  The  electric  railway  engineer  usually  finds  it 
convenient  to  study  the  relation  of  grades,  truns  and  equipment 
together  directly  on  the  speed-time  and  distance-time  curves 
(see  Run  Curves)  for  the  train  and  equipment  operating  in  the 
required  direction  on  a  typical  run  between  whose  limits  lies  the 
particular  section  under  investigation.  Unless  the  train  is  operated 
at  constant  speed  (as  by  three-phase  induction  motors)  care  must 
be  exercised  that  the  speed  of  the  train  shall  become  neither  danger* 
ously  high  at  the  foot  of  a  grade  nor  so  low  at  the  top  of  a  grade 
that  there  is  a  probability  that  the  train  may  be  stalled  by  a  strong 
head  wind  or  adverse  conditions  of  track,  or  both.  As  an  aid  in 
adjusting  speeds,  locating  points  where  power  should  be  cut  off, 
brakes  applied,  or  regeneration  resorted  to^  or  in  studying  the 
shortening  or  reduction  of  grades  for  the  satisfactory  operation  of 
a  given  equipment  and  train  weight  over  a  given  section,  a  virtual 
profile  is  sometimes  plotted.  The  virtual  profile  depends  upon 
the  following  six  items:  (i)  actual  profile  of  tne  section  considered, 
(2)  track  curves  in  the  section,  (3)  equipment  (motors  and  gears), 
(4)  train  weight,  (5)  direction  of  motion  on  the  given  section, 
(6)  known  speed  at  the  beginning  of  the  section.  It  is  only  possible 
to  construct  a  virtual  profile  for  a  section  at  whose  beginning  the 
speed  of  the  train  is  zero  or  some  other  definitely  known  value. 


Tett  ox  MiUi 
Fig.  ?• — Sample  virtual  profile. 

CoDLStructioii  of  the  Virtual  Profile.  To  construct  the  virtual 
profile,  the  actual  profile  for  the  track  section  is  first  plotted  with 
elevations  as  ordinates;  then  the  virtual  profile  is  the  locus  of  all 
points,  the  ordinate  of  each  of  which  is  equal  to  the  sum  of  the 
corresponding  ordinate  of  the  actual  profile  and  the  kinetic  energy 
head  (see  below)  (to  the  same  ^cale)  of  the  given  equipment  and 
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train,  when  at  the  location  on  the  track  indicated  by  that  point  on 
the  actual  profile,  and  traveling  in  the  direction  considered.  A 
virtual  profile  thus  constructed  will  generally  be  curved.  For 
most  purposes,  however,  it  is  sufficient  to  plot  only  the  points  of 
the  vurtual  profile  corresponding  to  the  ends  of  each  grade  (and 
curve)  and  connect  the  successive  points  thus  plotted  by  straight 
lines  (see  Fig.  7). 

General  Properties  of  the  Virtual  Profile.  The  virtual  profile 
for  a  given  train  and  section  of  track  touches  the  actual  profile  where 
the  train  is  at  rest,  it  diverges  from  the  actual  profit  where  the 
train  is  accelerating  (velocity  increasing),  it  is  parallel  to  the 
actual  profile  where  the  velocity  of  the  train  is  constant,  and  it 
converges  toward  the  actual  profile  where  the  train  is  retarding. 
These  properties  are  briefly  summed  up  in  the  following  table: 

rp    •  Virtual  profile  relative 

^^^^  to  actual  profile 

Standkig  (zero  velocity) Touches 

Accelerating  (velocity  increasing) Diverges  from 

Constant  velocity Parallel  to 

Retarding Converges  toward 

Kinetic  Energy  Head.  The  kinetic  energy  head  (also  known  as 
the  velocity  head)  for  a  train  at  any  particular  speed  is  the  height 
to  which  the  kinetic  energy  of  the  train  at  that  speed  would  lift 
the  train  against  the  force  of  gravity  alone.  It  is  equal  to  the 
height  through  which  the  train  acted  on  by  the  force  of  gravity  alone 
would  have  to  fall  from  rest  to  acquire  a  kinetic  energy  equal  to 
that  of  the  train  at  the  particular  velocity  considered.  With  the 
falling  mass  there  is  no  effect  of  rotating  parts,  therefore  in  order 
to  acquire  an  amount  of  energy  equal  to  that  of  the  train  at  any 
instant  a  mass  equal  to  that  of  the  train  and  acted  upon  by  the 
force  of  gravity  alone  must  fall  through  a  greater  height  than  would 
be  necessary  in  acquiring  a  speed  equal  to  that  of  the  train  at  that 
instant.  The  following  derivation  of  the  formula  for  kinetic  energy 
head  is  further  explanatory  of  the  term. 

At  any  instant  E  =  — r-  = 

2/v  2 

in  which  E  =  kinetic  energy  of  train  at  speed  V 

m  =  mass  of  train 

V  =  sp>eed  of  train,  feet  per  second 

k  =  ratio  of  linear  inertia  to  total  inertia  of  train 
(see  page  172) 

Vi  =  velocity  of  the  falling  mass  w,  feet  per  second 
therefore 

Vi'  =  -7   which  when  substituted  in  h  =  —  (for 

k  2g 

a,  body  falling  from  rest)  gives 


*=I^=C-T^)»'' 


in  which  h  =  kinetic  energy  head,  feet 

V  =  speed  of  train,  miles  per  hour 
k  =»  same  as  above. 


VIRTUAL  PROFILE 


Example  cf  tiie  Method  of  Locating  a  Single  Point  on  a  ^^^tuaI 
I^ofile:  Suppose  Fig.  9  gives  the  speed-time  and  distance-time 
curves  for  a  train  on  a  run  containing  a  section  of  tradt  for  which, 
with  the  tram  operating  in  the  direction  con^dered,  the  virtual 
profile  is  desired.    To  find  the  velocity  of  the  train  at  any  given 

10 
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point,  first  determine  Kow  far  this  point  is  from  the  beginning  of 

the  run;  for  an  example,  let  this  be  0,45  mile.  At  the  point 
representing  0.45  mile  on  the  distance  curve,  erect  a  line 
perpendicular  to  the  time 
axis.  .  The  point  where 
this  cuts  the  speed  curve 
indicates  the  speed  of  the 
tr^n  (approiimately  25 
5     miles  per  hour) .     AUoviing 

5  0.90  to  be  the  value  ai  k 

6  and  substituting  this  and 
K  =  25  in  the  expression 

Thi»aiKiiiL&  '"''^  value  of  kinetic  energy 

_  head  is   found   equal    to 

"'^- "■  23.21    ft.      The   point -on 

the   virtual  profile  is  finally  located  by  adding  23.21  ft.  to  the 

elevati<Hi  of  the  p(»iit  at  0.45  mile  from  the  beginning  of  the 

Tnin  Resistance 

Train  resistance  may  be  defined  as  the  resultant  of  the  forces, 
exclusive  of  those  which  are  evidenced  by  internal  losses  in  motor 
equipment,  which  oppose  the  motion  of  the  train  at  a  constant 
speed  on  a  tangent  level  track  in  still  air.  For  convenience  train 
resistance  at  any  speed  is  expressed  as  the  number  of  pounds 
tractive  eSort  at  the  drivbg  wheel  treads  necessary  to  keep  the 
train  moving  at  that  constant  speed  on  tangent  level  track  in  still 
air.  From  the  results  of  tests  by  many  investigators  most  of  the 
many  tridn  redstance  formulas  have  been  approximated,  but 
while  many  of  theSe  fonnulas  have  been  shown  to  give  values  nearly 
equal  to  those  secured  by_  test  on  certain  equipment  and  track  and 
under  certain  conditions,  it  is  not  safe  to  depend  on  any  one  formula 
to  give  very  close  approximations  in  universal  application.  This  is 
because  there  are  so  many  conditions  affecting  the  result-  The 
variation  of  some  factors,  such  as  temperature  change  in  the 
bearings,  may  be  comparatively  slow,  while  that  of  others,  such 
as  of  air  resistance,  may  be  great  from  moment  to  moraent  dur- 
ing the  operation  of  the  train.  One  of  the  points  of  considerable 
disagreement  among  the  formulas  for  train  resistance  that  have 
been  devised  is  the  manner  in  which  the  train  resistance  varies 
with  the  speed.  At  low  speeds  this-  is  oE  but  little  importance 
compared  with  other  factors,  but  at  high  speeds  it  becomes  one 
of  the  most  important  factors  in  determining  Uie  speed  for  economic 
operation. 

The  more  recent  train  resistance  formulas  recognize  three  ' 
principal  ordinary  components  which  are  conveniently  referred  to 
as  (1)  journal  fnction,  (2}  rolling  friction,  and  (3)  air  resistance. 

Journal  Friction.  Journal  friction  of  the  cat  wheel  axles  has 
been  found  to  depend  upon  the  weight  and  speed  of  the  train,  and 
as  the  weight  of  the  train  increases  the  journal  friction  becomes 
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of  less  importance  per  unit  weight  ~of  train  until  it  reaches  a  lower 
limiting  vaJue  o^  about  3.5  lb.  per  ton  weight  of  train.  Lower 
values  of  journal  friction  have  been  secured  in  tests.  The  1904 
Proceedings  of  the  Am.  Ry.  Eng.  and  Maint.  of  Way  Assn.  states 
that  a  cosu  car  with  40  to  50  tons  of  coal  will  not  have  a  journal 
friction  of  more  than  2.5  lb.  per  ton,  while  the  same  car  empty  will 
have  a  journal  friction  of  about  5  lb.  per  ton.  As  noted  under 
"Temperature  Effects  on  Train  Resistance,"  the  condition  of,  the 
lubricant  has  a  considerable  effect  on  journal  friction. 

Rolling  Friction.  Rolling  friction,  including  rail  friction,  in- 
creases with  the  speed  of  the  train  and  depends  upon  the  diameter 
of  the  wheels,  general  design  of  the  truck  and  the  condition  of 
wheels  and  track.  It  is  greater  as  the  wheel  and  rail  surfaces  are 
more  imperfect  and  increases  with  track  irregularity  and  flexibility. 
Track  irregularity  and  flexibility  are  also  imix)rtant  in  setting  up 
oscillations  and  concussions,  the  damping  of  which  consumes  energy. 
In  this  process  flange  friction  is  also  mcreased.  All  of  these  effects 
are  so  dosely  rdat^  that  for  ordinary  work  it  is  impracticable  to 
separate  them. 

Air  Resistance.  Tests  to  determine  the  value  of  air  resistance 
have  yielded  the  most  widely  differing  results.  Its  value  depends 
upon  the  speed  of  the  train,  the  area  of  cross-section  and  lateral 
area  of  the  locomotive  and  each  car,  the  shapes  of  the  front  and  rear 
ends  of  the  train,  and  the  number  of  cars  composing  the  train. 

l^ect  of  Individual  Car  Weight  on  Train  Resistance.  Train 
resistance  has  been  found  to  depend  upon  the  weights  of  individual 

cars  making  up  the  train,  that  is  to  say,  

given  two  trains  of  the  same  total  weight 
but  made  up  of  a  different  number  of  cars, 
the  train  resistance  will  be  different  for  the 
two.  Tests  indicate  that  the  train  of 
heavier  cars  will  have  the  lesser  train  re- 
sistance, and  that  this  difference  is  not 
entirely  due  to  different  air  resistance.  (See 
Journal  Friction,  above,  also  Fig.  31  and 
Train  Resistance  of  Freight  Train,  p.  161.) 

Train    Resistance   Formulas.     Of   the    ^  1^ 

many   existing  train   resistance  formulas,      J  yi  k    I 

the  following  are  a  few  in  common  use  in     *~^  ^-^ 

making  approximations: 

Significance  of  symbols   (special  symbols 


are  explained  with  the  formulas  in  which  Fzg.    10.— Outline  of 

they  occur):                                  •  projected    area   consid- 

^      X      \     '           'A.                      J            A.  ered    in    air   resistance 

f  =  train  resistance,  pounds  per  ton  calculation. 

weight  of  train 

S  =  speed  of  train,  miles  per  hour 
W  =  total  weight  of  train,  tons 

n  =  number  of  cars  in  train 

a,  fli,<»2,  ««,  <J4,  etc.  =  area  of  cross-section  of  each  car  in  train, 
square  feet.  This  is  equal  to  the  area  included  within 
the  outline  of  the  projection  of  the  car  body,  car  wheels 
and  horizontal  line  tangent  to  the  heads  of  the  rails, 
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on  a  plane  perpendioilar  to  the  center  line  of  the  track 

(see  Fig.  lo). 

W.  J.  Davis.     (From  data  given  in  Street  Railway  Journal, 

1902  and  1904.)     The  f crowing  formulas  are  by  Mr.  W.  J.  Davis 

from  tests  by  him  on  the  Buffalo  and  Lockport  Railway  and  other 

data  secured  by  him. 

Significance  of  symbols: 
•    b  =  constant  component  of  journal  friction,  pounds  per  ton 
weight  of  train 
=  3.5  for  heavy  loaded  freight  cars 

=  4  for  standard  passenger  coaches  or  large  interurban  cars 
=  5  to  6  for  light  (city)  cars  with  grease  lubrication 
c  =  combined  coefficient  of  variable  component  of  journal 
friction  and  rolling  friction,  pounds  per  ton  weight  of 
train  per  mile  per  hour 
=  o.ii  for  heavy  track  construction 
=  0.13  for  medium  track  construction 
d  =  air  resistance  coefficient,  pounds  per  unit  of  squared 
velocity  [(miles  per  hour)^]  per  square   foot   of  pro- 
jected area  of  cross-section.     (See  a,  etc.,  above   and 
Wind  Pressure,  p.  166.) 


20  so  40 

Speed,  Miles  per  Hoar 
Fig.  II. — Train  resistance,  single  car  (Davis  formula). 

=  0.0035  ^or  open  platform  cars 
=  0.0024  to  0.0030  for  vestibuled  cars 
m  =  coefficient  of  lateral  windage,  ratio  of  lateral  wind  re- 
sistance  to  combined  head  and  rear  air  resistance  of 
train 
=  o.io. 

(Other  symbols  as  on  page  147.) 
Davis  Formulas.    With  cars  of  various  areas  of  cross-section, 

f  =  h  +  cS  +  ~^lai  +  m  (at  +  at  +  ai  +  etc.)] 
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0  10  20  30  40 

Speed,  Milei  per  Hoar 

Fig.  12. — Train  resistance,  two-car  train  (Davis  formula). 
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Speedj^iles  per  Hoar 
Fig.  13. — Train  resistance,  three-car  train  (Davis  formula). 
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Speed,  Miles  per  Hoar 

Fig.  14. — Train  resistance,  four-car  train  (Davis  formula). 
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With  cars  having  equal  areas  of  cross-section. 


ID  ao  so  «  to  M 


problems  according  to  the  W.  J.  Davis  formulas.     Following  are 
the  corresponding  formulaa: 
Open  Platform  CUy  Cars.     Weight,  8  tons  to  20  tons;  area  of 
'    1,  S5  sq.  ft.;  max.  speed,  30  miles  per  hour: 

+  o.ii5  +  ^'[i+o..(n-i)I 

Interurbattcars.  Weight, 
25  tons  to  40  tons;  area  of 
cross-section,  100  sq. .  ft.; 
maidmum  speed,  60  miles 
per  hour; 

[i-|-o.i(»-i)) 
Heavy  Interurban  Cars, 
or  Sleam  Passenger  Coaches. 
Weight,  40  tons  to  50  tons; 
area  of  cross-section,  tio 
sq.  ft.;  maximum  speed, 
■a         »         M  75  miles  per  hour: 


Fig.  16.— Freight  tt 


3S  + 


aM! 


,„CD„i.        /-■>  + 

I.  +  0.1   (»  -   .)] 

Freight  Trains.    Weight  oE  each  car,  45  tons  loaded;  area  of 
"  o  sq.  ft.;  maximum  speed,  35  miles  per  hour: 

/  -  3.S  +  O.I3  S  +  -5^'  li  +  o..(»  -  1)1        (See  also 
Figs.  IS  and  16.J 
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University  op  Illinois  (Single  Car).  (From  Bulletin  No. 
74,  by  Mr.  Harold  H.  Dunn,  University  of  Illinois,  19 14.)  The 
following  formula  was  developed  from  the  results  of  tests  with  a 
45-ft.,  28- ton  interurban  electric  car: 

-          ,             01  0.00181  fl5* 
/  =  4  +  0.222  S  H ^ 

A.  H.  Armstrong.    The  following  train  resistance  formula  by 
.  Mr.  A.  H.  Armstrong,  Standard  Handbook,  is  based  on  data  secured 
from  many  tests. 

in  which  b  =  constant  component  of  journal  friction,  pounds  per 
ton  weight  of  train 

=  -^7=  but  having  a  limiting  minimum  value  of  3.5.    (For 

^/W 

graphical  solution  see  Fig.  17) 
c  —  combined  coefficient   of   variable  component  of  journal 

friction  and  rolling  friction,  pounds  per  ton  weight  of 

train  per  mile  per  hour 
=  from  0.03  to  0.07.    0.03  for  ordinary  conditions  and  car 

weight.    Higher  values  for  poor  track  conditions  and  car 

weighing  less  than  35  tons.     (For  graphical  solution  of  cS 

see  Fig.  18) 
d^  air  resistance  coefficient.    Varies  from  0.004  for  perfectly 

flat  ends  (no  vestibule)  to  0.0015  •with  pointed  ends  of 

extreme  type 
ss  approximately  0.002  to  0.0025  for  rounded  end  suburban  car 

aQd  electric  locomotive  with  sloping  front.     (For  graphical 

,  ^.        .  dS^a  [i  H-  o.i  (n  —  i)]         _,.  ,       v 

solution  of  =^ =2 — ^ —  see  Figs.  19  and  20.) 

W 

(Other  symbols  as  on  page  147.) 

Application  of  the  A.  H.  Armstrong  Formula  and  Coefficients. 
Figs.  21  to  25  give  graphical  solutions  of  train  resistance  problems 
for  particular  equipments  according  to  the  A.  H.  Armstrong  formula 
and  coefficients.  The  values  assumed  for  end  cross-section  in  the 
construction  of  Figs.  21  to  25 ^  inclusive,  are  as  follows: 

88  sq.  ft.  for  20-ton  car 

93  sq.  ft.  for  2 5- ton  car 
100  sq.  ft.  for  30-ton  car 
113  sq.  ft.  for  40-ton  car 
120  sq.  ft.  for  50-ton  car 
120  sq.  ft.  ior  60-ton  car 

A  general  solution  is  further  afforded  by  the  use  of  Figs.  17,  18, 
19  and'  20,  the  approximate  value  of  train  resistance  of  any  train 
being  equal  to  the  sum  of  the  resuks  obtained  from  Figs.  17,  18, 
and  19  or  20  (19  is  to  be  used  for  speeds  up  to  35  miles  per  hour 
and  20  for  speeds  between  35  and  70  miles  per  hour). 
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John  Balch  Blood.     (From  paper  before  A.S.M.E.,  1903.) 

f=E+BS  +  {C+  |p)5i-8 

in  which  E  =  coefficient  of  sliding  friction 
=  7  for  light  electric  cars 
=  6  for  medium  weight  electric  cars 
=  5  for  heavy  electric  cars 
=  4  for  average  passenger  trains 
=  3  for  heavy  freight  trains 
B  =  coefficient  of  rolling  friction 

=  0.15  for  light  track  construction         , 
=  0.12  for  heavy  track  construction 
C  —  coefficient  of  side  resistance 

=  0.0016  for  ordinarily  constructed  cars 
=  0.0014  for  cars  with  vestibules 
D  =  coefficient  of  head  and  stern  resistances 
=  0.25  for  cars  of  small  cross-section 
=  0.30  for  electric  cars  of  medium  cross-section 
=  0.35  for  large  electric  or  suburban  trains 
=  0.40  for  largest  express  trains. 
(Other  symbols  as  on  page  147.) 
Dr.  John  Lundie.    (From  discussion  by  Dr.  John  Lundie, 
Street  Railway  Journal,  1902.) 

Using  the  data  secured  from  tests  on  the  South  Side  Elevated 
Railroad,  Chicago,  and  from  many  others,  Dr.  Lundie  developed 
the  following  formula  which  he  stated  that  he  knew  from  experience 
to  give  correct  results*  when  applied  to  trains  weighing  £com  20 
tons  to  100  tons,  and  traveling  at  speeds  up  to  30  miles  per  hour. 
He  further  stated  that  the  formula  conforms  to  results  obtained 
on  heavy  trains  at  speeds  as  high  as  60  miles  per  hour. 


/ = 4 + 5(0.24  +  ^) 


Other    Train   Resistance   Formulas.       Other    train     resistance 

formulas,  which  have  been  proposed  from  time  to  time,  follow: 

(Symbols,  as  on  page  147.) 

a 
W.  N.  Smith.     /  =  3  +  0.1675  -f  0.0025  :^  S* 

Mailloux.         /  =  3-5  +  0.150  S  +  ^^ 


Sprague.  /  =  4.0  -f-  0.160  5  -|- 


W 
0.333  S^ 


W      . 

Berlin  Zossen.  /  =  4  -f  0.02  5  -\-  0.0027  5*  j 

S* 
Clark.  /  =  7.14  -f-  -77 

100 

Rankine.  /  =  2.65  H-  0.27  5 

Searles.  /  =  4.82  -f  0.005  S*  H — TiT" 

Welkner.  /  =  6.25  -f-  a5)04  5' 

Wellington.  /  =  4  +  0.00^5  5«  + ^^^^^J^^^-^ 
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S 
Engineering  News.   /  =  2  H — 

4 

DODD.  /  «  7  +  - 

Baldwin  Locomotive  Wor£S.  /  =  3  +  t- 

o 

r>  X  /    ^         I       \     I  01     (0.02 » -f- 0.25)  „, 

GOTSHALL.         /  =   (—7=  -hi)  +  o.xs  5  +  -^ ^ ^5* 

Vw  ^  ^  , 

in  which        D  —  constant   depending  on  the  diiameter  of  car 

wheels  and  journals 
=  between  6  and  9 
%  =  constant  depending  upon  condition  of  track 
=  from  2  to  5. 

Eastern  Ry.  of  Finance.  Assuming  constant  area  of  cross-section 
s=  90  sq.  ft.  for 

(7.5  to  20  miles  per  hour)  S  ^  Z'^-\-  o.i6i5 

(20  to  31  miles  per  hour)  /  =  3.6  +  0.2585  +  0.259  = 

(31  to  40  miles  per  hour)  /  =  3.6  -f  0.2585  -f  0.173  w 

(43  to  50  miles  per  hour)  /  =  3.6  -f  0.4515  +  115  |rj; 

Comparisoii  of  Formulas  by  Application^  Single-car  train,  40- 
ton  car;  area  of  cross-section,  no  sq.  ft.  Fig.  26  gives  the  value 
of  train  resistance  at  speeds  up  to  75  miles  per  hour  according  to 
several  of  the  formulas  dted  above. 

•  Fig.  27  gives  a  comparison  of  the  application  of  several  train 
resistance  formulas  in  the  calculation  of  train  resistance  of  the  car 
with  which  the  experiments,  from  which  the  University  of  Illinois 
formula  was  developed,  were  carried  out. 

Five-car  train,  40- ton  cars;  area  of  cross-section,  no  sq.  ft. 
Fig.  28  gives  values  over  the  same  range  when  calculated  according 
to  the  same  formulas  as  used  in  constructing  Fig.  26.  This  car 
had  a  cross-section  of  90  sq.  ft.  and  weighed  28  tons. 

Train  Resistance  of  E]q>ress  Passenger  Train.  The  following 
table  of  train  resistance  is  from  an  article  by  Mr.  A.  M.  Wellington, 
Engineering  News,  1892.  The  train  was  the  Empire  State  Express 
consisting  of  four  loaded  passenger  coaches,  steam  locomotive  and 
tender;  train  weighing  approximately  270  tons  complete.  The  runs 
were  made  on  the  New  York  Central  and  Hudson  River  Railroad 
between  New  York  and  Albany  over  track  which  was  practically 
level  (having  a  few  sUght  grades,  generally  of  o.i  per  cent.).  The 
tests  were  made  by  means  of  the  steam  engine  indicator,  and  then 
an  efficiency  of  95  per  cent,  was  allowed  for  the  transmission  of 
energy  to  the  wheel  treads.  The  values  given  in  the  table  are 
plotted  in  Fig.  29  and  a  curve  is  shown  for  comparison  with  curves 
constructed  on  the  Armstrong,  Davis  (for  steam  passenger  coaches), 
Engineering  News,  and  Baldwin  Locomotive  Works   formulas. 
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Fig.  17. — Constant  component  of  journal  fric- 
tion in  train  resistance  (Armstrong  formula). 


The  values  assumed  are: 
area  of  cross-section 
no  sq.  ft.  and  wind 
pressure  coefficient 
0.0035.  The  variation 
of  the  plotted  test  values 
indicate  the  difficulty  in 
obtaining  consistent 
train  resistance  tests. 
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(S)  Mi.   per  Hr.   (Speed  of  Train) 

-Rolling  friction  plus  variable  component  of  journal  friction  in 
train  resistance  (Armstrong  formula). 
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Air  Sesittanee,  Lb.  per  Ton  Wt.  of  Trftln 
10  15  20  25  80  85 


Use  f acton  In  the  following 
order: 

Air  ooefficlent,  (  d  ) ;    speed, 
mnesperhr.,  (3);     mnmber 
of  oars  in  train,  (  n  ) ;    total 
weight  of  train,  (W):    area 
of  oxo«8  section  of  car,  (  a  ) ; 
Example :     d  »  0.0022 
S»  30. 
n«   2. 
W=  80. 
a-=  120s 


(d)     Air  Coefficient    .001        .0015       .002  .0025       .008 


Pig.  19.— Air  resistance  component  in  train  resistance  to  35  miles  per  hr. 

(Armstrong  formula). 
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Air,Beiiitftnce,  Lb.  per  Ton  Wt.  o(  Train 
20  40  60  80  100         laO  140 


Tormulft:    dS^a  [  l+.lfn-l)  3 
W 

Use  factors  in  the  following 
order : 

Air  coefficient  (  d  ) :  speed , 
miles  per  hr.,  (  S) ;  nnmber 
of  can  In  train,  (n);  total 
srelgM  of  train,  (  ^  ) ;  area 
of  oxosB  section  of  oar^   (  ^  ) . 


(d)  Air  Coefficient     .001        .0016        .002 


Pig.  20. — Air  resistance  component  in  train  resistance,  35  to  70  miles  per  hr. 

(Armstrong  formula). 
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single  cu  (Armstrong  fonnuU). 


Pig.  13, — Train  restatBDce.  two-car  train  (Aimstrons  formula). 

Comparisooi  of  Train  ResiBtance  VatuM  Secnred  in  Illinois 
Central  Tests  with  Values  Obtained  I^  Ponnidas.  Fig.  30  shows 
train  reastance  for  tliree  1350-ton  freight  trains  made  up  of  cars 
having  average  weighls  of  30  tons,  45  tons  and  75  tons,  respectivdy. 
The  curves  showing  the  values  obtained  from  the  Illinois  Centra) 
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.train  (Armstroog  formula)- 


tests  were  taken  directly  from  Fig.  31.  One  curve  for  eacli  train 
was  constructed  on  the  Armstrong  formula,  and  one  curve  for  each 
train  was  constructed  on  the  Davis  formula  for  freight  trains.  One 
curve  was  constructed  on  each  the  Engineering  News  and  Baldwin 
Locomotive  Wocts  formulas  (neither  o£  these  formulas  gives 
consideration  to  train  weight,  therefore  but  one  curve  is  necessary 
foe  each).  The  effective  area  of  cross-section  was  assumed  to  be 
tio  sq.  ft.  and  the  air  resistance  coefficient  for  front  and  rear  was 
taken  as  0.0035.    Since  the  test  curves  were  constructed  on  values 
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Pig.  27.— Train  resistance,  single  38-ton  car  (various  formulas). 


30  40  60 

Speed  Mllea  per  Hoar 

Fig.  28. — Train  resistance,  five-car  train  (various  formulas). 
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20 


60 


70 


80 


30  40  50 

Speed,  Milei  per  Hoax 

Fig.  29. — Train  resistance,  steam  locomotive  and  train  (various  formulas  and 

test). 
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obtained  at  the  draw  bar,  the  values  obtained  by  the  formidas  were 
each  reduced  by  the  amount  0.0002445^  (5  being  the  speed  of  the 
train,  miles  per  hour)  for  the  front  air  resistance  which  is  not  in- 
cluded in  the  results  obtained  at  the  draw  bar.  At  40  miles  per 
hour  this  correction  amounts  to  0.39  lb.  per  ton  weight  of  train. 


Bnfffiieerlng 
'^  News 

Davis 

Davis 
Ill.Cent. 

Teat 
Davis 
^  Baldwin 
Loco.  Works 

*-~Ill.Cent. 

Test 
Armstrong 
'Armstrong 
Armstrong 

lll.Ceat. 
Test 


15  20  25  90 

Speed  of  Tratn,  Miles  per  Hr. 

Fig.  30. — ^Train  resistance,  freight  trains   (various  formulas  and  tests). 

Train  Resistance  of  Freight  Train.  Fig.  31  taken  from  Bulletin 
No.  43  by  Prof.  Edward  C.  Schmidt  of  the  University  of  Illinois 
Engineering  Experiment  Station  gives  values  of  train  resistance 
for  freight  trains  of  various  average  weights  per  car.  The  following 
formulas  by  the  same  authority  are  empirical^  yielding  values  whose 
maximum  variation  from  those  given  by  Fig.  31  is  0.5  per  cent, 
when  used  within  the  speed  limits  of  Fig.  31. 


When  W 
W 
W 

W 
W 
W 

W 
W 
W 

W 
W 
W 
W 


Train 

IS  tons;/ 
20  tons;  / 


25  tons;  / 

30  tons;  / 
35  tons;  / 


»  45  tons;  / 

-  SO  tons;  / 

-  55  tons;  / 

■»  60  tons;  / 
«-  65  tons;  / 
»  70  tons;  / 

-  75  tons;  / 


Resistance  Formulas 

-  7.15  +  0.085  S  +  0.00175  5: 

—  6.30  -j-  0.087  5  4-  0.00126  5 
-»  5.60  -f  0.077  .S  4-  0.00116  s 

■«  5.02  +  0.066  5  +  0.00116  5! 
»  4.49  -j-  0.060  5  4-  0.00108  s 

■»  4.15  4-  0.041  s  4-  0.00134  5 

-  3.82  4-  0.031  S  4-  0.00140  S 
"  3.56  -j-  0.02A  S  4-  0.00140  5 
«  3.38  -f  0.016  S  -I-  0.00142  5 

■  3.19  4-  0.016  5  4-  0.00132  5 
«  3.06  4-  0.014  5  4-  0.00130  5> 

—  2.92  4-  0.021  S  -I-  0.00111  S 

B=  2.87  4-  0.019  -S  4-  0.00113  5 


The  following  formula  gives  an  approxima-tion  to  the  values  of 
train  resistance  given  by  Fig.  31  (the  maximum  diflference  being 
9.5  per  cent,  which  occurs  at  S  =  21  and  W  =  55). 

/=  5  +  39-6  ~  0.03 1  IF 
•'  4.o8'4-o.i52jr 

11 
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in  which  /  =  trwn  resistance,  pounds  per  ton 
W  ~  weight  of  cm,  tons 
S  =  speed  of  train,  miles  per  hour. 
These  curves  (Fig.  31)  may  be  applied  to  predict  the  probable 
total  train  redstance  of  entire  f  rdght  trains  which  are  either  homo- 
geneous or  mixed  as  regards  individual  car  weights  and  which 
have  been  in  motion  for  some  time,  when  the  air  temperature  is 
above  30  deg.  F.  and  the  velocity  of  the  wind  is  not  more  tlian  30 
miles    per    hour. 


.  Due   to  V 

o  in  make-up  or  en- 

.:  temal  conditions, 

.^  I  have  a   train   re- 

S  ^  sistance    at>out  g 


i 


^  only  in  rating  tbe 

•       t»i.»ii.«n«  oollvc  power  for 

.,l.>ii".„.,.u.  'iT^  '•;:'"  "s 

„.-,,.,         miles  per  liour. 
Ko.  j,.-Fni,bt  t,.,.  ,»..«....  (Omv.  n  111.  The  .bove  re- 

suits  were  ob- 
tained from  tests  of  thirty-two  ordinary  freight  trains  in  regular 
service  of  such  make-up  as  naturally  resulted  from  the  traffic  con- 
ditions in  the  Champaign  yards  of  the  Illinois  Central  Railroad. 
The  chief  diaracteristics  of  these  trains  were  as  follows: 

Mmimum         Muimuni 
Total  weight  of  train,  tons.,... 747-00  iQoS.oo 

Number  of  cara  in  theVraln,. '.',', ','.!!!        sfiioo  Sgioo 

Train  lengtb,  feet iiao.oo  34S0.00 

The  trains  whose  average  car  weights  were  less  than  20  tons  or 
more  than  60  tons  were  composed  of  cars  of  nearly  uniform  weight; 
while  those  whose  average  car  weights  were  between  ao  and  60 
tons  were  either  homogeneous  or  mixed  as  regards  the  weights  of  the 
individual  cars.  Presumably,  the  majority  of  the  cars  had  journals 
conforming  to  the  specifications  of  the  Master  Car  Builders'  Asso- 
ciation which  for  some  years  have  required  that  the  size  of  freight 
car  journals  be  either  354  by  7  in.,  4M  by  8  in.,  S  by  9  in.,  or  5)4  by 
10  in.,  depending  upon  the  car  capacity.  AU  the  cars  had  four 
wheel  trucks  and  it  is  safe  to  assume  that  all  the  car  wheels  were  33 
in.  in  diameter. 

■  The  track  on  which  these  tests  were  made  is  on  the  Chicago 
division  of  the  main  line  of  tjie  Illinois  Central  Railroad.  It  ex- 
tends from  Oilman  to  Mattoon,  111.,  a  distance  of  91  miles.  The 
tnanimum  grade  against  north-bound  traffic  was  2g  ft.  per  mile, 
and  against  south-bound  traffic,  31.9ft.  per  mile,  and  in  the  91  miles 
there  was  7830  ft.  of  curved  track.    The  track  was  well  con- 
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strutted  anil  wdl  maintained,  and  probably  waa  such  as  one 
might  expect  to  find  on  main  lines  of  hist  class  railroads.  About 
<)4  per  cent.  o[  the  track  was  of  85-lb.  A.S.CE,  section  rails  put  down 
ui  about  iQoo,  and  the  remainder  was  of  75~lb.  A.S.CE.  section 
rails  put  down  in  1S94  and  1S95.  It  was  laid  on  oak  ties  spaced 
io  in.  center  to  center.  About  Sj  of  the  gi  miles  was  bal^ted 
with  broken  limestone  and  the  rest,  which  waa  in  station  grounds, 
was  ballasted  with  screenings  or  cinders. 

The  purpose  of  the  tests  was  to  determine  the  train  resistance  of 
freight  trains  in  usual  operation  and  at  the  same  time  to  determine, 
if  possible,  a  relation  between  average  car  weight  and  train  resist- 
ance at  any  given  speed.     None  of  Uie  data  used  in  the  construc- 
tion of  the  curves  was  taken  before  the  train  had  been  in  motion 
at  least  10  miles.     The  speed  during  the  tests  ranged  from  5  to 
3S  miles   pec  hour,  the   air   temperature  from  34   deg.  F.  to  81 
deg.    F.  and  the  approximate  average  wind   velocity  during   all 
but  one  test  was  less  than  20  miles  per  hour.     The  direction  of 
the  wind  relative  to  that  of  the  track  varied   through  360  deg, 
during  the  tests.    Each  train  resistance  was  reduced  to  train  re- 
sistance on  level  track  by  correcting  for  grade.     The  tests  were 
made    by    means    of    a 
dynamometer    car    and 
only  take  into  consider- 
ation the  train  resistance 
of  the  part  of  the  train     S 
behind    the   locomotive    I 
tender.  | 

Relation  Between  Ves-    S 
tibule  Siapea  and  Train    | 
Resistance.    Fig.  32    § 
gives  approximate  speed 
train-resistance     curves 

for  a  angle    interurban  _,„„«,« 

car    when    tested    with  "  V«aM"™.s.. 

vestibules     of     various 
shapes  at  speeds  up  to 
60  miles  per  hour.  These         B 
curves    are    from   data         % 
riven  in  the  report  of  the  S 

Electric  Railway  Test  F 
Commission,  1904,  and  § 
according  to  that  report  p,(,  , 
ttiey    show  what  train       of  ^ 

pected  under  ordinary"  conditions  of  service  on  a  level  track, 
especially  the  variation  in  train  teMstance  due  to  various  shapes 
of  car  ends.  The  tests  on  which  these  curves  are  based  were  per- 
formed with  a  dynamometer  car  which  was  operated  on  a  tangent 
track  of  70-lb.  T-rails  laid  on  gravel- ballasted  oak  ties.  The  gen- 
eial  method  of  making  the  tests  was  to  make  determinations  of 
iaeed,  electromotive  force  applied  to  the  car  and  current  taken  by 
the  car  while  running  at  a  practically  constant  speed.    From  the 


Standud 


Bear  vestibule 

Standard 

Paiabolic  wedge 


:s  (El.  Ry.  Ti 
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average  values  of  electromotive  force  and  current  aad  the  current- 
eflfidency  curve  for  the  motor  equipment  the  power  required  to 
balance  train  resistance  at  that  speed  was  determined. 


Fig.  35. — Parabolic  wedge  vestibule  (see  Fig.  32). 


Fig.  33. — Standard  vesti-       Fig.  34. — Parabolic  vestibule  (see  Fig.  3a). 
bule  (see  Fig.  32). 

The  dynamometer  car  body  was  of  an  interurban  type  32  ft.  long 

without  vestibules,  the  foundation  was  a  pressed  steel  flat  car  of 

100,000  lb.  capac- 
ity, the  trucks  were 
Baldwin  locomo- 
tive, M.  C.  B.  in- 
terurban type  with 
Gibbs  cradle  sus- 
pension, the  motors 
were  four  Westing- 
house  No.  8s,  the 
gear  ratio  was  27  : 
47.  The  total 
weight  of  the  car 
was  approximately 
38  tons.   The  types 

of  vestibules  used  consisted  of  a  "standard,"  "parabolic,"  "para- 
bolic wedge"  and  "flat."    The  dimensions  of  tnese  are  shown  by 

Figs.  3Sj  34, 35  and  36,  respectively. 
Wind  Pressure.    Wind  pressure 

on  a  body  varies  with  the  velocity 

of  the  wind  and  the  shape  of  the 

body  presented  to  the  wind.    For 

convenience  it  is  given  in  pounds 

per  square  foot  of  area  projected 

on  a  plane  perpendicular   to   the 

direction  of  the  wind.     (Wind  used 

in  this  connection  indicates  relative 

motion  of  air  and  a  body  in  the 

air.)     The  following  formula  has 

been  found  to  show  wind  pressures  ~   i 

agreeing  with  experimental  results:    -*- 

T>        jT7«  Fig.  36. — Cross-section  of  car 

.        u.  u    n  '^  '^^  ,  <s««  F^«-  32)- 

m  which  P  =  pressure  on  a  plane 

surface  normal  to  the  direction  of  the  wind,  pounds 
per  square  foot 
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« V  »  actual  velocity  of  the  wind,  miles  per  hour.     (See 

Wind  Velocity  below.) 
d  =  wind  coefficient.     (See  below.) 

Wind  Velocity.  When  wind  velocity  is  tested  by  hemispherical 
cup  anemometer 

V  =  log-i  [0.509  +  0.9012  log  v] 
in  which  V  =  true  wind  velocity 

V  =  actual  velocity  of  cup  centers. 

Velocity  given  out  by  the  Weather  Bureau  is  obtained  on  the 
assumption  that 

V  =  3V, 

This  gives  a  velocity  higher  than  the  actual  velocity.  By  the 
following  table  the  true  wind  velocity  may  be  obtained  from  the 
velocity  given  out  by  the  Weather  Bureau: 

Reported  velocity  True  velocity 

10  9.6 

20  17.8 

30  25.7 

40  33-3 

50  40.8 

60  48 .  o 

70  SS.a 

80  62 . 2 

90  69 . 2 

100  76.2 

Wind  Co^dent  for  Plane  Surface  Normal  to  the  Direction  of 

the  Wind.    Following  are  values  of  wind  coefficient  determined 

by  various  methods: 

Authority  "Wind  coefficient  (d) 

Weather  Bureau 0.004 

W.  J.  Davis .' 0.004 

Martin 0.004 

Longley o. 0036 

Smeaton o .  005 

The  value  of  0.004  is  probably  the  closest  approximation. 

Wind  Pressure  on  Omer  than  Plane  Surfaces.  (From  a  paper 
by  Professor  Kemot  before  the  Australasian  Association  for  the 
Advancement  of  Science,  1893.)  The  following  determinations 
were  made  by  placing  small  models  in  an  approximately  steady 
jet  pi  10  in.  by  12  in.  cross-section. 

Modulus.  At  any  given  wind  velocity,  the  ratio  of  the  wind 
pressure  on  a  given  body  to  the  pressure  on  a  plane  surface  normal 
to  the  direction  of  the  wind  and  having  an  area  of  cross-section  equal 
to  the  area  of  projection  of  the  body  on  a  plane  normal  to  the  direc- 
tion of  the  wind  is,  for  convenience,  called  the  modulus. 

Cube,  The  pre^ure  on  a  cube  was  as  nearly  as  possible  the  same 
whether  the  direction  of  the  wind  was  parallel  to  a  side  or  a  diagonal 
and  was  0.9  the  pressure  on  a  square  card  equal  in  size  to  a  face  of 
the  cube. 

Rectangular  Blocks,  x  —  length  measured  in  the  direction  of 
the  wind,  y  and  z  =  dimensions  in  other  directions. 

"Where  x  ■■  2y  ■■  2S modulus  =  0.8    * 

Where  x  =  3y  =  3a modulus  =  0.7 

Where  y  «=  2x  *»  2Z modulus  =  0.9 

Where  y  *»  3*  ■•  zz modulus  «  0.9 
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A  block  r^resenting  a  tower  and  having  a  height  equal  to  three 
times  its  width  of  base  gave  a  modulus  of  0.9  when  the  direction 
o£  the  wind  was  normal  to  one  face.  When  the  direction  of  the 
wind  was  the  same  as  that  of  a  diagonal  the  effect  was,  as  nearly  as 
could  be  measured,  the  same. 

Pyramid.  A  pyramid  of  square  base,  having  a  height  equal  to 
about  three  times  its  base  gave  a  modulus  of  0.8  when  a  side  was 
presented  to  the  wind.  When  one  angle  was  presented  to  the  wind 
the  total  pressure  was  increased  by  25  per  cent. 

Cylinder.  Cylinders  having  the  elements  of  their  curved  sur- 
faces normal  to  the  direction  of  the  wind  gave  a  modulus  of  0.52.- 

Octagonal  Prism.  The  pressure  on  an  octagonal  prism  was  10 
per  cent,  greater  than  on  the  circumscribing  cylinder. 

Cone.  For  a  cone  having  a  height  equal  to  three  times  the  diame- 
ter of  the  base,  the  modulus  was  0.50. 

Sphere.     For  a  sphere,  the  modulus  was  0.36. 

Hemispherical  Cup.  For  a  hemispherical  cup  (such  as  is  used 
on  Robinson's  anemometer):  when  the  convexity  was  to  the  wind 
the  modulus  was  0.36;  when  the  concavity  was  to  the  wind  the  modu- 
lus was  1. 15. 

Retaining  Surfaces.  When  a  surface  parallel  to  the  direction  of 
the  wind  was  brought  nearly  into  contact  with  a  cylinder  or  sphere, 
the  pressure  on  the  latter  bodies  was  increased  by  about' 20  per  cent., 
owing  to  the  checking  of  the  lateral  escape  of  air. 

Sheltering  Surfaces.  When  a  9-in.  disk  was  used  as  a  sheltering 
surface  and  a  6-in.  disk  was  placed  2  in.  in  front  of  it,  the  latter 
received  only  two-thirds  the  pressure  it  endured  if  the  larger  disk 
was  remov^.  This  reduction  in  pressure  was  perceptible,  though 
to  a  less  extent,  at  all  distances  up  to  9  in. 

Temperature  Effects  on  Train  Resistance.  Train  resistance 
increases  with  an  .increase  of  journal  lubricant  viscosity;  thus  when 
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Pig.  37* — Decrease  of  freight  train  resistance  as  train  progresses  (Univ.  of 

111.  tests). 

the  viscosity  of  the  journal  lubricant  is  increased  by  the  lowering 
of  atmospheric  temperature  an  increased  train  resistance  results. 
Tests  have  indicated  that  at  the  atmospheric  temperatures  of  ordi- 
nary railway  operation,  train  resistance  decreases  as  the  journal 
lubricant  becomes  less  viscous  with  rising  journal  temperature, 
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other  conditions  being  constant.  When  a  constant  journal  tem- 
perature is  reached  on  a  moving  train,  the  train  resistance  is  at  a 
minimum  for  the  then  prevailing  track  conditions,  speed  of  train 
and  temperature  of  the  atmosphere.  Figs.  37  and  sS  by  Professor 
Edward  C.  Schmidt  and  F.  W.  Marquis,  taken  from  bulletin  No. 
59  of  the  University  of  Illinois  Experiment  Station,  were  plotted 
from  data  secured  from  thirty-two  tests.  The  tests  were 
made  in  1910  with  trains  on  the  Illinois  Central  Railroad  as  they 
came  in  regular  service.  Fig.  37 
indicates  that  the  mean  resistance 
at  speeds  of  from  12  to  35  miles  16 
per  nour,  and  atmospheric  tempera-  « 
tures  from  30  to  43  deg.  F.,  became  | 
a  minimum  when  the  train  had  been  | 
in  motion  for  about  35  miles.  It 
was  found  that  in  warm  weather 
the  minimum  train  resistance  for  a 
similar  train  was  reached  when  the 
train  had  been  in  motion  from  8  to 
10  miles.  Fig.  38  gives  a  compari- 
son of  minimum  train  resistance 
values  for  the  two  atmospheric  ^  10 
temperatures  and  shows  that  the  g 
mimmum  train  resistance  in  cold  h 
sreather  is  approximately  25  per  |, 
cent,  greater  than  in  warm  weather.   ^  S 

Effect  of  Temperature  on  Power 
Station  Load.  Fig.  39,  from  Elec. 
Ry.  Journal,  191 1,  shows  the  effect       ^ 

of    temperature  on  power  station  12  16  20  24 

load.    It  should  be  noted  that  the  iiuei  per  Hr. 

power  used  for  heating  is  included  Fig.  38. — Effect  of  temperature 
m  these  curves.  The  statement  ac-  o^  train  resistance  (Univ.  of  111. 
companying  the  curves  is  as  follows :    ^^^^^^ ' 

In  summer  the  peak  loads  are  between  70  per  cent,  and  75  per 
cent,  of  the  winter  loads.  This  is  accounted  for  largely  by  the 
use  of  light  open  cars  on  many  lines  and  the  fact  that  there  is  no 
demand  for  heat,  and  also  by  the  fact  that  the  car  resistance  in 
warm  weather  is  less  than  in  cold  weather.  The  last  two  factors 
produce  a  striking  relation  between  the  load  of  the  system  and  the 
atmospheric  temperature,  which  is  well  illustrated  by  the  diagram. 
An  increase  of  approximately  400  kw.  in  the  total  load  on  the  system 
residts  from  a  decrease  of  i  deg.  in  the  atmospheric  temperature. 
The  night  load  between  i  a.m.  and  5.30  a.m.  averages  about  3000 
kw.  in  the  summer  months  and  5000  kw.  in  the  winter  months. 

Starting  Resistance.  (Recommended  conclusion,  Com.  Eco- 
nomics of  Ry.  Location,  Am.  Ry.  Eng.  &  Maint.  of  Way  Assn., 
1910.)  The  starting  resistance  of  a  train  on  tangent  level  track 
varies  from  10  to  40  lb.  per  ton  weight  of  train,  depending  on  load- 
ing, temperature,  character  and  condition  of  the  track  and  train. 

Curve  Resistance.  Curve  resistance  may  be  defined  as  the 
resultant  force,  due  to  track  curvature,  which  opposes  the  motion  of 
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a  train  at  a  constant  speed  on  a  curved  track.  It  is  equal  to  the 
tractive  effort  at  the  driving  wheel  treads  necessary  to  keep  a  train 
moving  at  a  constant  speed  on  a  circular  curve  of  level  track  in  still 
air,  in  excess  of  that  necessary  to  keep  the  train  moving  at  a  con- 
stant speed  on  tangent  level  track  of  the  same  character  in  still  air. 
Curve  resistance  is  commonly  expressed  in  pounds  per  ton  weight  of 
train  per  degree  of  track  curvature.  For  convenience  it  is  also  often 
expressed  in  terms  of  grade,  that  is,  in  terms  of  that  per  cent,  grade 
whose  grade  resistance  would  be  equal  to  the  curve  resistance  imder 
consideration.  (See  opposite  page.)  Many  values  of  curve  re- 
sistance  have   been   determined   by   experiment,  but  the  vari- 
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Fig.  39. — Effect  of  temperature  on  power  station  load  (Boston  Elev.  Ry.) 

ables  concerned  are  such  that  no  rational  method  for  the 
general  calculation  of  it  has  yet  been  determined.  In  ordinary 
cases,  the  value  of  curve  resistance  is  small  compared  with  train 
resistance  and  grade  resistance;  also,  but  a  small  portion  of  the 
total  track  of  any  usual  railway  is  curved;  therefore,  in  ordi- 
nary cases  an  accurate  determination  of  curve  resistance  is  of  minor 
importance.  Curve  resistance  is  due  to  the  increased  slippage  be- 
tween wheel  (tread  and  flange)  and  rail  and  increased  friction  in  the 
moving  parts  of  the  train  on  the  curve.  Its  value  dei)ends  primarily 
on  the  coefficient  of  friction  between  wheel  and  rail,  length  of  truck 
wheel  base,  gage,  flexibility  and  condition  of  the  track  and  the  con- 
dition of  the  rail  surface.  The  value  of  curve  resistance  on  moder- 
ate curves  is  nearly  proportional  to  the  degree  of  curvature.  On 
curves  of  short  radius  it  is  less  per  degree  of  curvature  than  on 
curves  of  greater  radius.  On  curves  of  very  short  radius,  such  as  are 
usually  found  in  city  streets,  conditions  are  such  that  no  definite 
statement  of  the  value  of  train  resistance  for  those  curves  can  be 
given. 
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Grade  Compefisation.  In  order  that  the  combined  upgrade  and 
curve  resistance  on  a  curve  may  be  equal  to  the  grade  resistance  on 
tangent  track  having  a  grade  equal  to  that  originally  on  the  curve, 
the  grade  is  often  reduced  by  the  amount  whose  grade  resistance 
would  be  equal  to  the  curve  resistance.  This  reduction  of  grade  on 
curves  is  oiiled  "grade  compensation/' 

Determination  of  Curve  Resistance  (and  Grade  Compensation). 
The  Committee  on  Economic^  of  Railway  Location  (1910)  of  the 
Am.  Ry.  Eng.  and  Maint.  of  Way  Assn.  reported  tests  at  North 
Mountain  Cut-off  and  Mt.  Airy  Grade  on  the  Baltimore  and  Ohio 
*  R.  R.  to  determine  the  effect  of  curve  compensation.  The  trains 
used  in  these  tests  were  made  up  of  locomotive,  dynamometer  car, 
thirty  and  thirty-six  steel  hopper  cars  (empty  and  loaded)  and  ca- 
boose. On  portions  of  the  grade  compensated  at  the  rate  of  0.03 
per  cent,  per  degree  of  curvature  the  combined  up  grade  and  ciurve 
resistance  was  greater  than  on  tangent  track,  while  on  portions  com- 
pensated at  the  rate  of  0.04  per  cent,  per  degree  of  track  curvature 
the  combined  up  grade  and  curve  resistance  was  less  than  on  tan- 
gent rack.  Assuming  that  the  mean  of  these  rates,  0.035  P^^^  cent. 
per  degree  of  track  curvature,  was  the  correct  rate  of  compensation 
the  curve  resistance  was  0.7  lb.  per  ton  weight  of  train  per  degree 
of  track  curvature.  In  reply  to  a  circular  addressed  by  the  commit- 
tee to  several  operating  companies  to  determine  the  best  amount  of 
compensation,  values  ranging  from  0.02  per  cent,  to  0.08  per  cent, 
per  degree  of  track  curvature  were  received,  but  the  consensus  of 
opinion  was  that  0.035  P^i*  cent,  gave  the  best  results.  That 
indicates  the  following  formula  as  giving  a  probable  value  of 
curve  resistance: 
c  =0.7/? 
Significance  of  symbols: 

c    —  curve  resistance,  pounds  per  ton  weight  of  train 
D  =  track  curvature,  degrees 

'=,  5730 
R 
R  =  radius  of  track  curvature,  feet  ; 

=  5232 

D 
a  =  wheel  base  of  a  truck,  feet. 

Other  Formtdas  for  Curve  Resistance. 

Significance  of  symbols  as  above. 
Raymond  Formula:  c  =  0.4  -|-  (0.205  +  0.035a)  D 

—  0.780Z)  for   5  ft.  truck  wheel  base 

—  0.81 5Z)  for   6  ft.  truck  wheel  base 

=  oMoD  for    7  ft.  truck  wheel  base 

=  0.8852?  for   8  ft.  truck  wheel  base 

=  o.92oZ>  for   9  ft.  truck  wheel  base 

=  i.o25Z>  for  12  ft.  truck  wheel  base. 

^76? 
Blondel-Dubois  Formula:  c  =  ^-^=  0.66Z). 

2427 
Dupui  Formula:  c  =  „  a' 

R  —  32.8 
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Grade  Resistance.  The  component  of  force  along  a  line  parallel 
to  the  center  line  of  the  track,  due  to  the  action  of  gravity  on  a  train, 
is  called  grade  resistance.  Grade  resistance  is  commonly  expressed 
in  pounds  per  ton  weight  of  train.  If  the  direction  of  grade  resist- 
ance is  opposite  to  the  direction  of  motion  of  the  train  (that  is,  if  the 
train  is  on  an  up  grade)  the  tractive  effort  will  be  decreased  by  the 
value  of  the  grade  resistance.  If  the  direction  of  grade  resistance 
is  the  same  as  the  direction  of  motion  of  the  train  (that  is,  if  the  train 
is  on  a  down  grade)  the  tractive  effort  will  be  increased  by  the  value 
of  the  grade  resistance. 

Approximate  Value  of  Grade  Resistance.    The  foUowing  for-' 
mula  will  give  results  slightly  in  excess  of  the  true  values,  but  close 
enough  for  all  ordinary  traction  work.    The  error  is  greater  with 
heavier  grades,  but  reaches  only  0.5  per  cent,  for  a  10  per  cent, 
grade. 

G    =  2oWn 
in  which  G   =  grade  resistance,  pounds  per  ton  wdght  of  train 

W  «  weight  of  train,  tons 

n    B  number  of  per  cent,  of  track  grade 

B  one  hundred  times  the  rise  of  the  track  in  any 

distance,  divided  by  that  distance,   that  is,   one 

hundred  times  the  tangent  of  elevation  of  the  track. 
• 

This  formula  may  be  stated  in  the  form  of  a  rule: 
Grade  resistance  is  equal  to  20  lb.  per  ton  weight  of  train  per 
per  cent,  of  grade. 

Actual  Value  of  Grade  Resistance.  The  precise  value  of  grade  re- 
sistance may  be  expressed  by  the  formula 

2000  Wn    . 
G  = 


\/io,ooo+  n* 

in  which  the  symbols  are  the  same  as  in  the  preceding  paragraph. 

It  is  interesting  to  note  that  the  above  rule  for  obtaining  the 
approximaie  value  of  grade  resistance  yields  the  precise  value  of 
grade  resistance  if  the  per  cent,  grade  used  in  appl3dng  the  rule 
is  the  approximate  per  cent,  grade  obtained  accor(u£g  to  "Approxi- 
mate Value  of  Grade,"  p.  142. 


Acceleration 


Linear  Acceleration. 


/    =  ^^X  1.467  Xil 

32.2 

A 

—  gi.iA  s= 


0.01098 

in  which      /    =  force  necessary  for  the  linear  acceleration  of 

the  mass  of  one  ton  weight  at  the  rate  A^  pounds 
91. 1  =  force  necessary  to  give  the  mass  of  one  ton  weight 
an  acceleration  of  i  mile  per  hour  per  second, 
pounds 
A  —  rate  of  linear  acceleration,  miles  per  hour  per 
second. 
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Ratio  of  Force  Necessaiy  for  Linear  Acceleration  to  Force 
Necessary  for  Total  Acceleration.  As  the  total  e£fective  inertia  of 
rotating  parts  is  greater  than  their  inertia  when  moved  as  a  mass  in  a 
straight  line,  allowance  must  be  made  for  this  fact  in  the  considera- 
tion of  train  acceleration.  This  is  particularly  true  in  the  case  of 
electric  motor  cars,  the  geared  armatures  of  which  often  rotate  at 
considerably  higher  speed  than  the  car  wheels.  The  ratio  of  the 
"linear  inertia"  to  the  "total  inertia,"  including  that  of  rotating 
parts,  may  be  expressed  by  K^  in  the  expression: 
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(A)    Acceleration.  Mi.  per  Ex.  jrex  Sec. 
Fig.  40. — 'Force  required  for  train  acceleration. 

where    /  =  force  necessary  for  linear  acceleration,  pounds  per 
ton  weight  of  train 
F  «  total  force  necessary  to  accelerate  the  train,  pounds 

per  ton  weight  of  train 
K  B  ratio  of  linear  inertia  to  total  inertia  of  train. 
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Force  Necessaxy  to  Accelerate  Train. 

gi.iA  A 


F  = 


K  o.oioQSiir 

the  symbols  having  the  same  significance  as  in  the  two  preceding 
paragraphs.  A  graphical  solution  of  this  equation  is  given  by  Fig. 
40.  For  a  rough  approximation,  F  =  100  lb.  per  ton  weight  of 
train  per  mile  per  hour  per  second  or  /^  =  looA .  This  is  due  to 
the  fact  that  the  value  of  K  approximates  an  average  of  0.91 1. 

Ratio  of  Linear  Inertia  to  Total  Inertia. 

^    ^I W 

in  which  W    =  weight  of  car  complete,  car  or  locomotive 
Ww  =  weight  of  car  wheel 
Wa  =  weight  of  motor  armature 
««,    =  number  of  car  wheelfl 
Ha    =  number  of  motor  armatures 
Ru,  =  radius  of  car  wheel  at  tread 
Ra    =  radius  of  motor  armature 
fto    =  radius  of  gyration,  car  wheel 
fa     —  radius  of  gyration,  motor  armature 
e      =  gear  ratio 

F     =  total  effective  inertia  ( =  /  +  t) 
/      =a  linear  inertia 
i      =  rotational  inertia 

(^  I  *  =  ^approximately  0.6  for  the  average  car  wheel 

and     r^j     =  approximately  0.5  for  the  average  railway  armature. 
Substituting  these  values  the  formula  becomes: 

W 


K  ^ 


TV  +  o.6n„W„  +  o.sna  W^  {^)  ' 


The  value  of  K  for  a  train  made  up  of  units  (motor  cars,  motor  cars 
and  trail  cars,  or  locomotives  and  trail  cars)  is  equal  to  the  sum  of 
the  values  obtained  by  multiplying  the  value  of  K  for  each  individual 
motor  car,  locomotive,  or  trail  car  by  the  ratio  of  the  weight  of  that 
particular  car  or  locomotive  to  the  weight  of  the  whole  train. 

Ratio  of  Linear  Inertia  to  Total  Inertia  in  Practice. 

For  electric  locomotive  and  heavy  freight  train,  K  =  0.95 

For  electric  locomotive  and  high-speed  passenger  train,  K  =  0.935 
For  high-speed  electric  motor  car,  K  =  0.935  to  0.91 

For  low-speed  electric  motor  car,  K  =  0.91   to  0.85. 

Econonucal  Rates  of  Acceleration.  Acceleration  is  limited  by 
the  capacity  of  the  equipment,  the  coefficient  of  adhesion  and 
the  comfort  of  the  passengers.  Ignoring  the  last,  the  most  eco- 
nomical rate  of  acceleration  for  a  given  section  will  depend  upon 
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(i)  the  frequency  of  service,  (2)  train  weight  and  (3)  the  capacity 
of  the  equipment.  If,  with  the  same  schedule  speed,  the  accel- 
eration be  increased,  there  will  result  a  slight  saving  in  energy  due 
to  the  lessened  train  resistance  at  the  lower  maximum  speed  at- 
tained. There  will  also  be  a  very  important  saving  in  energy  due 
to  (i)  the  possibility  of  a  longer  coast,  allowing  braking  to  begin  at 
a  lower  speed  (the  losses  in  braking  being  proportional  to  the 
square  of  the  speed  at  which  braking  begins),  and  (2)  with  direct- 
current  equipments  a  saving  in  rheostatic  losses,  which  are  in- 
versely proportional  to  the  rate  of  acceleration. 

In  very  frequent  service,  such  as  is  found  in  the  operation  of  a 
large  city  system,  the  rate  of  acceleration  is  practically  only  limited 
by  the  capacity  of  car  equipments  and  the  comfort  of  the  passen- 
gers, because  the  capacity  of  the  generating  and  distributing  system 
is  not  limited  by  the  peak  loads  of  individual  car  units. 

Where  the  service  is  infrequent,  as  in  the  case  of  interurban  sec- 
tions, the  acceleration  is  often  limited  by  the  low  tension  distribu- 
tion and  substation  capacity.    This  Umitation  may,  however,  be 


60  80 

Seconds 

Fig.  41. — Reduction  of  maximum  current  by  use  of  lower  rate  of  acceleration 

in  multiple  than  in  series. 


greatly  reduced  with  the  retention  of  a  fair  average  rate  of  accelera- 
tion and  its  attending  benefits  by  using  a  high  rate  of  acceleration 
during  series  acceleration  and  a  considerably  less  rate  during 
multiple  acceleration.  The  effects  of  such  a  procedure  are  shown 
by  the  typical  speed-time  curves  and  corresponding  current  curves 
in  Fig.  41.  In  case  A,  constant  current  per  car  is  used  throughout 
both  series  and  parallel  connections  of  the  motors;  this  is  done  by 
allowing  the  controller  to  rest  in  full  series  position  until  the  value 
of  current  is  one-half  of  what  it  was  during  the  series  acceleration. 
In  case  5,  with  a  constant  rate  of  straight  line  acceleration  the  value 
of  the  current  per  car  when  the  motors  are  in  parallel  is  double  that 
when  they  are  in  series;  in  other  words,  the  current  per  motor  is 
kept  constant.  In  case  A,  for  this  particulsir  run  the  rates  of 
straight  line  acceleration  are  approximately  1.5  and  0.6  mile  per  hour 
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per  second.  In  case  B ,  the  straight  line  acceleration  is  approximately 
0.9  mile  per  hour  per  second  throughout.  Practically  the  same 
energy  is  used  in  both  cases  but  the  maximum  value  of  current  in 
case  A  is  only  about  73  per  cent,  of  that  in  case  B,  Another  method 
of  using  two  rates  of  acceleration  in  the  series  and  parallel  positions 
of  the  controller  is  an  intermediate  one,  where  the  controller  is 
so  operated  that  the  current  per  car  with  motors  in  parallel  is  greater 
than  when  in  series,  but  less  than  double,  as  in  case  B,  The  maxi- 
mum current  is  then  somewhere  between  the  values  in  cases  A  and  B. 
An  article  by  F.  E.  Wynne  in  the  Electric  Journal,  1908,  states 
that  for  hilly  roads  this  third  method  is  found  more  satisfactory  tha^n 
the  method  of  case  A,  He  also  states  that  on  runs  of  %  mile  or  less, 
the  acceleration  with  constant  current  per  motor  (case  B)  is  less 
economical  of  energy  than  either  of  the  other  methods  which  are 
about  on  a  par  with  each  other,  but  on  longer  runs  the  energy  con- 
sumption is  practically  the  dame  with  all  three  methods. 

Comfortable  Rates  of  Acceleration.  It  should  be  remembered 
that  the  effect  of  acceleration  on  the  comfort  of  passengers  is  not 
so  much  a  measure  of  the  rate  of  acceleration  as  of  the  rate  of  change 
of  accelerating  rate.    Referring  to  Fig.  42,  the  rates  of  acceleration 

and  of  braking  as  shown  by  the  full  lines  may 
B^         be  uncomfortable  to  passengers,  due  to  the 

abrupt  start,  application  of  brakes,  and  stop. 

A^/ \p   However,  if  the  starting  resistance  on  the 

Fig.  42.  ^^^^  controller  position  be  so  proportioned  as 

to  give  the  start  shown  by  the  dotted  line  at 
A ,  and  the  brakes  be  gradually  applied  and  released  so  as  to  intro- 
duce the  curves  shown  by  the  dotted  lines  at  B  and  C,  very  high 
rates  of  acceleration  and  braking  may  be  employed  without  causing 
discomfort  to  passengers.  The  addition  of  these  curves  may 
lengthen  the  time  of  run  by  a  few  seconds,  but  this  must  be  done 
if  lugh  rates  of  acceleration  be  employed. 

Effect  on  Draft  Gear  and  Other  Car  Eqtupment  The  above 
remarks,  relative  to  comfort  of  passengers,  apply  equally  to  shocks 
to  draft  gear  in  train  operation  and  to  other  parts  of  the  car  equip- 
ment. To  reduce  these  shocks  it  is  necessary  to  keep  down  the 
rate  of  change  of  accelerating  rate. 

Usual  Rates  of  Acceleration  in  Practice. 

Steam  locomotives,  freight  service o.  i  to  0.2  mi.  per  hr.  per  sec. 

Steam  locomotives,  passenger  service o .  2  to  0 .  $  mi.  per  hr.  per  sec 

Electric  locomotives,  passenger  service o .  3  to  o .  6  mi.  per  hr.  per  sec. 

Electric  motor  cars,  interurban  service o .  8  to  i .  3  mi.  per  hr.  per  sec. 

Electric  motor  cars,  citjr  service 1 . 3  to  1 . 8  mi.  per  hr.  per  sec. 

Electric  motor  cars,  rapid  transit  service. ...  i .  s  to  2 . 2  mi^  per  hr.  per  sec. 

Highest  practicable  rates 2 . 5  to  3 .0  mi.  per  hr.  per  sec. 

The  average  rate  of  acceleration  on  the  Second  Ave.  line,  N.  Y., 
which  is  representative  of  the  entire  Manhattan  Elevated  system, 
is  1.33  miles  per  hour  per  second.  The  maximum  possible  rate  of 
acceleration  is  limited  by  the  available  tractive  effort  which  is 
dependent  not  only  upon  the  motor  equipment  and  weight  of  train 
but  also  upon  the  coefficient  of  adhesion  between  wheel  and  rail. 
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Average  AccEtERAxioN  During  First  Ten  Seconds,  Various 
Weights  of  Train,  Electric  and  Steam 


Number  of  trailers 

0 

I 

2 

3 

4 

5 

6 

Total  weight  of  trailers. 

tons 

23.00 

47.00 

77.00 

104.00 

130.00 

IS7.00 

Electric: 

. 

Two  motor  cars,  total 

weight  71S     tons; 

totu  weight  of  train. 

tons 

71 .  SO 

04.  SO 

118.50 

148 . so 

I7S.S0 

20I-.  50 

228.50 

Average  rate  of  accelera- 

tion of  train  first  10 

seconds,    niiles  per 

• 

hour  per  second 

3.75 

3.35 

2.07 

1.73 

1.44 

1.26 

I. 12 

Steam: 

Locomotive,      weight 

107    tons;    total 

weight  of  train.tons 

130.00 

154-00 

184.00 

211.00 

237.00 

264 . 00 

Average  rate  of  accelera- 

tion of   train   during 

first  10  seconds,  miles 

per  hour  per  second. 

1.40 

1.30 

1.2s 

1.20 

I.  00 

0.97 

The  above  data  are  from  results  of  experimental  tests  at  Schenec- 
tady, N.  Y.  (Arnold  and  Potter,  A.I.E.E.,  1902).  The  acceleration 
was  practically  constant  during  the  first  10  seconds  of  each  run 
from  which  these  figures  were  taken.  The  principal  purpose  of 
the  test  was  to  afford  a  comparison  between  steam  and  electric 
traction  on  short  haul  suburban  passenger  service.  The  steam 
locomotive  was  designed  espedaUy  for  a  nigh  rate  of  acceleration. 
All  axles  of  both  motor  cars  were  equipped  with  motors.  The  run 
curve  for  the  test  of  the  two  motor  cars  without  trailers  indicates  a 
maximum  rate  of  acceleration  of  about  3.3  miles  per  hour  per 
second  during  the  sixth,  seventh  and  eighth  seconds  of  the  run. 

Graphical  Representation  of  Acceleration.  The  slope  of  any 
increment  of  a  ^)eed  time  curve  plotted  between  time  in  seconds  as 
abscissas  and  speed  in  miles  per  hour  as 
ordinates  is  numerically  equal  to  the 
rate  of  acceleration  in  nules  per  hour  per 
second. 

Relation  Between  Acceleration  and    | 
Maximum  Speed  Attained  During  Run.    ^ 
As  noted  in  the  section  on  R un  Curves,  the    1 10 
dotted  line  in  Fig.  58  (p.  192)  is  the  locus     8  0 
of  the  maximum  speeds  attained  during  a    ^ 
run  of  I  mile,  assuming  coasting,  braking 
retardation   and  train  resistance   con- 
stant.   This  figure,  as  well  as  Fig.  6c 
(p.  193),  illustrates  the  fact  that  for  a  given  run  the  maximum 
sp«^  is  reduced  by  increasing  the  rate  of  acceleration. 

Personal  Factor  and  Rate  of  Acceleration.  In  an  A.I.E.E.  paper, 
1910,  Mr.  H.  St.  Clair  Putnam  states  that  in  tests  on  the  entire 
Manhattan  (N.  Y.)  S3rstem,  the  rate  of  acceleration  of  the  different 
motormen  was  found  to  vaiy  from  0.9  to  1.47  miles  per  hour  per 
second. 


0.5     1.0     1.5     2.0 

Mi.  per  Hr.  per  Sec. 
(Acceleration) 

Fro.  43. 
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Influence  of  Rate  of  Acceleratioa  cm  Energy  ConsnmptiOD.    1%. 

43,  from  data  given  by  the  same  paper,  shows  the  importance  of 
a  high  rate  of  acceleration  in  a  typical  run.  This  is  also  shown  in 
a  more  general  way  by  Fig.  69  (p.  218). 

Wimpeiis  Accelerometer.  The  essential  parts  of  the  Wimperis 
acceterometer  are  shown  by  Fig.  44.  The  circular  metallic  disk 
pivoted  at  thp  center  of  its  circumference  is 
of  uniform  thickness  and  has  a  hole  punched 
through  it  near  its  edge.  The  disk  pivot  also 
carries  a.  spur  gear  which  meshes  with  a  like 
gear  fastened  to  a  second  pivot  carrying  the 
indeT.  A  coil  spring  on  the  disk  siiindle 
brings  the  parts  back  to  their  zero  positions 


when  acceleration  or  retardation  has  ceased.  The  two  pivoted 
systems  are  so  arranged  that  the  moments  of  their  masses  about 
their  respective  aies  of  rotation  are  equal  so  that  the  instrument 
when  leveled  up  will  indicate  acceleration  or  retardation  in  the 
direction  of  motion  independently  of  effects  of  track  curvature  or 
super-elevation  of  the  outer  rail.  Oscillations  are  damped  by  the 
magnetic  Geld  perpendicular  to  the  disk. 

Improvised  Accelerometer.  A  readily  improvised  accelerometer 
is  shown  in  Fi§.  45.  It  consists  of  an  oniinary  2-£t.  four-fold 
pocket  rule,  a  piece  of  thread  and  a  wdght.  Eighteen  inches  of  the 
rule  is  opened  out  straight  and  the  thread  is  tied  to  this  part  at  a 
point  i5i  in.  from  the  end;  the  wdght  is  tied  to  the  other  end  of  the 
thread,  and  the  remaining  6  in.  of  the  rule  is  opened  and  leveled 
{eitending  in  the  direction  of  motion)  till  the  plumb  line  cuts  the 
5-in.  point  of  the  base  thus  formed.  About  i6.r  in.  of  thread  then 
hangs  between  the  point  of  support  and  the  base;  consequently. 
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each  increment  of  i  ft.  per  second  per  second  acceleration  or  re- 
tardation will  be  indicated  by  a  corresponding  deflection  incre- 
ment of  approximately  H  in.  at  the  point  at  which  the  thread  and 
the  base  line  intersect.  If  the  thread  be  attached  at  .a  point  6h 
in.  from  the  upper  end,  and  the  upper  part  of  the  rule  bent  further 
over  until  the  plumb  thread  again  cuts  the  3-in.  point,  the  deflec- 
tion of  each  ^  in.  due  to  acceleration  or  retardation  will  indicate  i 
mile  per  hour  per  second. 

Run  Curves 

The  term  ''Run  Curves"  is  a  general  one  and  embraces  any  curve 
or  curves  which  show  graphically  the  performance  of  a  train  by  the 
values  of  speed,  current,  voltage,  power,  distance,  or  time  plotted 
as  ordinates,  usually  against  time  values  as  abscissas,  although  in 
some  special  cases  distance  values  are  used  as  abscissas. 
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Pig.  46. — Typical  run  curves. 


Run  curves  may  take  into  consideration  all  the  physical  char- 
acteristics of  the  track  over  which  the  run  is  made,  and  may  be 
plotted  between  any  Umits  of  time  or  distance.  Especially  for 
preliminary  work,  however,  a  "typical  run"  is  usually  chosen, 
representing  average  conditions  of  track  grade  and  time  of  run 
from  start  to  stop. 

Determination  of  Typical  Run.  In  selecting  a  typical  run  it  is 
convenielit  to  divide  the  line  into  general  sections,  for  instance, 
dty,  suburban  and  interurban,  and  then  use  the  approximate 
average  length  of  run  in  a  section  for  the  length  of  the  typical  run 
for  that  section.  If  there  are  steep  grades  on  the  line  there  should 
also  be  a  division  into  grade  sections  and  a  typical  run  selected  for 
each  of  these.  If  the  grades  of  a  given  section  do  not  require  brak- 
ing, the  "average  grade"  should  be  taken  as  the  grade  of  the  typ- 
ical run  for  that  section. 

Speed  time  curve  for  a  given  train  starting  from  rest  or  a  known 
speed  and  running  a  given  distance  to  a  stop  or  other  known  speed 
at  a  given  schedule  speed.  It  is  convenient  to  divide  the  speed-time 
12 
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curve  up  into  the  following  principal  parts  which  are  given  in  the 
order  in  which  they  are  usuailly  constructed: 

(i)  Acceleration  with  motor  current  controlled,  called  for  con- 
venience, Straight  Line  Acceleration,     (oa,  Fig.  46.) 

(2)  Acceleration  beyond  Straight  Line  Acceleration,  or  "accel- 
eration on  the  motor  curve."     (oft,  Fig.  46.) 

(3)  Stand-still  during  stop  allowed  for  in  the  schedule  speed. 
{de,  Fig.  46.) 

(4)  Braking.     (cJ,  Fig.  46.) 

(5)  Coasting.     (6c,  Fig.  46.) 

Scales,  The  speed-time  curve  shows  the  speed  of  the  train  at 
any  instant  during  the  run  and  is  conveniently  plotted  between 
time  in  seconds  as  abscissas  and  miles  per  hour  as  ordinates. 

(i)  Acceleration  with  Motor  Current  Controlled  (Straight  Line 
Acceleration)  oa. 

Slope  of  oa  —  A  = ^——5 ,  drawn  to  scale. 

seconds 

ii^  which  A  =  assumed  acceleration,   miles  per  hour  per 

second,  or  the  acceleration  produced  by  the 
assumed  maximum  current  per  motor,  found 
as  below  4inder  (2). 

Speed  at  a.  The  approximate  speed  of  the  train  at  a.  Fig.  46,  is 
determined  from  the  motor  characteristic  curve,  and  is  either  the 
speed  corresponding  to  (a)  the  assumed  value  of  maximum  current 
per  motor  in  the  full  parallel  position,  or  to  (h)  the  tractive  effort  T 
determined  in  accordance  with  the  following: 


^W/      A 


+  f^C±G^ 


n  \o.Qiog^K 

in  which    T  =  tractive  effort  at  driving  wheel  tread  for  one  motor, 

pounds 

W  =  weight  of  train,  tons 

n  =  number  of  complete  motors  having  similar  charac- 
teristics 

A  =  rate  of  straight  line  acceleration,  miles  per  hour 
per  second 

K  =  ratio  of  linear  inertia  to  total  inertia  of  train.  (See 
page  172) 

/  =  average  train  resistance  of  the  train  between  the 
initial  speed  and  an  assumed  probable  approximate 
speed  at  a  (Fig.  46),  pound  per  ton  weight  of  train 

C   =  curve  resistance,  pounds  per  ton  weight  of  train 

G  =  grade  resistance,  pounds  per  ton  weight  of  train. 
(Use  (+)  before  this  value  for  up  grade  and  (— ) 
for  down  grade.) 

(2)  Acceleration  Beyond  Straight  Line  Acceleration  (ah).  The 
curve  ah  is  approximated  by  a  succession  of  straight  lines  (aa'^a'  a'\ 
etc.,  Fig.  46). 

(Slope  to  scale  of  each  of  these  lines)  = 

A  «  o.oio98iC(P  —J  —  C  ^G) 
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in  which,  for  any  part  such  as  aa\ 

P  =  -:=zr  =  tractive  effort,  pounds  per  ton  weight  of  train. 
W 

P,  T,  and/  are  taken  as  the  mean  of  those  values  between  the  speeds 
a  and  a'.  For  this  and  other  parts  of  the  speed-time  curve  be- 
yond the  straight  line  acceleration  portion,  T  is  obtained  from  the 
motor  tractive-eflfort  characteristic  curve.  ^  The  sign  of- G  is  (— )  for 
up  grade  and  (-}-)  for  down  grade.  The  point  b  will  be  determined 
by  the  final  location  of  the  coasting  line  be.  ^ 

Speed  Increment,  The  speed  at  a  is  that 'of  the  last  point  pre- 
viously determined  on  the  curve,  and  the  speed  at  a'  is  some  greater 
assumed  speed.  The  amount  of  the  speed  increment  between  a 
and  a'  vnll  depend  on  the  allowable  error  in  approximation.  For  the 
same  allowable  error,  this  increment  may  be  greater  in  the  steeper 
than  in  the  flatter  portions  of  the  curve. 

(3)  Stop  Period^  de.    The  time  of  run,  in  seconds,  is 

_  miles  from  start  to  stop  X  3600 

miles  per  hour  schedule  speed 
and        od  =  oe  —  (stop  period  in  seconds) 

(4)  Braking  Line^  cd.  The  slope  to  scale  of  the  braking  line 
cd  is  equal  to  the  assumed  rate  of  braking  retardation.  The 
point  c  is  determined  by  the  final  location  of  the  coasting  line  be, 

(5)  Coasting  Line,  be.  The  slope  to  scale  of  the  coasting  line  be 
is 

A  =  o.oio98A'(-  /  -  C  TG) 
in  which     /  =  approximate  average  train  resistance  between  the 

probable  approximate  assumed  speeds  at  b  and  c, 
pounds  per  ton  weight  of  train. 
IT,  C  and  G  are  the  same  as  before. 

The  line    be  is  placed  so  that  area  (oabed)  ^  area    of   rectangle 

(ohje) 
in  which  oh  =  schedule  speed 
and  oe  =  time  of  run,  includ- 

ing stop. 

(See  pp.  181  and  183  for  more  definite  location  of  coasting  line.) 

Distance-time  Curve.  The  distance  traveled  by  a  train  during 
any  definite  period  of  time  is  proportional  to  the  area  bounded  by 
the  speed-time  curve  for  the  train  during  that  period  of  time,  the 
ordinates  through  the  extremities  of  that  period,  and  the  axis  of 
time.  This  distance  is  shown  by  the  distance-time  curve  (Fig. 
46)  which  may  be  plotted  between  elapsed  time  in  seconds  and 
feet  or  miles,  on  the  same  axis  of  time  as  that  used  for  the  speed- 
time  curve. 

Determination  of  Distance  from  Speed-time  Curve.  A  method 
of  obtaining  the  distance  traveled  during  any  elapsed  time  is 
as  follows:  The  portion  of  the  speed- time  curve  for  this  period  of 
elapsed  time  is  mvided  into  increments  of  length  depending  upon 
the  degree  of  accuracy  to  which  the  speed-time  curve  is  drawn 
and  the  degree  of  accuracy  desired.  The  distance  increment 
corresponding  to  each  of  these  speed-time  increments  is  cal- 
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culated  as  below,  and  all  the  distance  increments  for  any  elapsed 
time  are  then  added  together. 

Vm(h   -  h) 


ds  = 


3600 


in  which    ds  =  distance  increment,  corresponding  to  any  increment 

of  the  speed-time  curve,  miles 
Vm  =  mean  velocity  of  train  during  that  increment,  miles 
per  hour 
(^2  —  h)  =  time  elapsed  while  that  increment  accrued,  seconds. 

The  same  result  may  be  attained  by  the  use  of  a  planimeter, 
integrating  the  area  above  described,  when 

,  ats   . 

ds  = 


where 


3600 


ds  ~  distance  increment,  as  above,  miles 
t  =  number  of  seconds  per  unit  of  ordinate 
s  ~  number  of  miles  per  hour  per  unit  of  abscissa 
a  =  area,  in  square  units. 

units  may  be  inches,  centimeters,  etc.,  as  desired,  but  /,  5,  and  a 
must  all  refer  to  the  same  unit. 

Y 


SO    40   SO  20    10     0    10    20  30    40    50    60    70   80   90  100  110  laO 

Time,  Seconds 

FiG>  47.-— Graphical  construction  of  distance  time  curve. 

Graphical  Construction  of  Distance-time  Curve.  The  following 
graphical  method  for  the  construction  of  the  distance-time  curve  is 
adapted  from  a  description  by  Mr.  J.  G.  Pertsch  in  the  Sibley 
Journal  of  Engineering  in  1910.  The  process  will  be  described  for 
one  short  section  of  the  distance- time  curve,  j^  (Fig.  47),  assuming 
that  the  speed-time  curve  is  complete  and  that  the  portion  Qj  of  the 
distance-time  curve  has  been  drawn.  Through  various  points 
o,  bj  Cf  etc.,  on  the  speed-time  curve  (including  especially  the  points 
of  maximum  and  minimum  speed)  draw  lines  parallel  to  OX  and 
intercepting  OK  at  i,  e,/,  etc.  Draw  lines  gjy  hk^  etc.,  perpendicular 
to  OX,  and  at  such  positions  that  the  small  triangles  formed  on  each 
side  of  such  lines  by  the  speed-time  curve  and  the  horizontal  lines 
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previously  drawn,  will  be  equal  in  area.  (Note  that  triangle  m 
should  equal  triangle  »,  and  v  ^  Wj  but  that  triangles  n  and  v  are 
not  necessarily  equal.)  Locate  point  P,  to  the  left  of  O,  and  on  OX 
prolonged,  as  follows: 

iLet  d  =  any  distance,  miles 

5  =  the  speed ,  miles  per  hour,  whose  ordinate  value  on  the 

speed  scale  is  the  same  as  that  of  d  on  the  distance 

scale 

d  X  3600  .  , 

I  ss ^ m  seconds 

OP  =  value  of  /,  on  time  scale. 


2  8  4 

Tlm«  Mluuites 
Fig.  48. — Construction  of  templet  for  coasting  curve. 

Then  draw  the  various  lines  Pd^  Pe,  P/,  etc.  The  average  slope 
of  the  distance-time  curve  between  the  perpendiculars  gj  and  hk 
win  then  be  the  same  as  Pe,  and  the  portion  jk  may  be  drawn  as  a 
straight  line  parallel  to  Pe  and  joining  the  portion  0;  previously 
drawn.  The  final  distance-time  curve  will  be  a  smooth  curve 
drawn  tangent  to  the  short  straight  line  sections  such  as  jk. 

Templet  Method  of  Locating  Coasting  Portion  of  Speed-time 
Curves.  Mr.  F.  S.  Valentine,  in  Elec.  Jour.  (1908),  describes  a 
method  of  accurately  locating  the  coasting  curve  which  is  of  con- 
siderable value  where  a  large  number  of  speed-time  curves  are  to 
be  plotted  for  the  same  value  of  train  resistance,  track  grade  and 
curve  resistance  and  braking  rate,  with  varying  times  and  distances 
between  stations.  This  method  employs  a  celluloid  templet,  con- 
structed as  follows:  The  coasting  speed-time  curve  corresponding 
to  the  total  train  resistance  (including  track  grade  and  curve  resist- 
ance, if  any)  for  the  cases  in  hand  is  plotted  from  a  speed  somewhat 
greater  than  the  maximum  possible  speed  under  the  given  condi- 
tions, as  shown  in  Fig.  48.  Speed-time  braking  curves  are  drawn 
in  at  the  given  braking  rate,  as  shown,  at  frequent  intervals. .  The 
distance-time  curve  for  coasting  is  then  drawn,  with  distance-time 
curves  for  the  various  braking  speed-time  curves.    The  terminal 
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points  of  these  combined  coasting  and  braking  distance-time  curves 
are  shown  by  the  black  dots  in  Fig.  48,  and  through  these  terminal 
points  a  smooth  curve  is  plotted  as  shown.  The  latter  is  a  locus 
curve  of  any  or  all  coasting  and  braking  distance-time  curves. 
The  coasting  speed- time  curve  is  inscribed  on  thin  celluloid,  and  it 

is  trimmed  so  that  its  edges  will 
coincide  with  the  X  and  F  axes  of 
the  curve.  This  templet  is  then 
inverted,  keepingthe  Y  axis  of  the 
templet  on  the  Y  axis  of  the  curve, 
and  in  the  inverted  position  (i) 
the  coasting  distance-time  curve 
and  (2)  the  locus  of  the  combined 
coasting  and  braking  distance- 
time  curves  are  traced  on  the  tem- 
plet. The  complete  templet, 
which  is  finally  trimmed  along 
Fig.  49. — Sample  templet  for  coast-  the  "locus"  curve,  appears  as 
mg  curve.  j^  pjg  ^^     ^he  use  of  the  templet 

is  as  follows,  referring  to  Fig.  50.  Assuming  that  it  is  desired  to 
complete  the  run  shown  in  3.5  minutes  between  stations  2  miles 
apart,  a  needle  point  is  inserted  at  Z>,  corresponding  to  these  two 
requirements.  Apply  the  templet  so  that  the  curved  edge  will 
always  be  in  contact  with  the  needle  Z?,  keep  the  F  axis  of  the 
templet  always  parallel  with  the  F  axis  of  the  curve,  and  adjust 
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Pig.  so. — Use  of  templet  for  coasting  curve. 

until  the  coasting  distance-time  curve  on  the  templet  is  tangent  to 
the  acceleration  distance-time  curve.  (See  "First  Position  of 
Templet,"  Fig.  50.)  This  point  of  tangency  is  at  the  time  when 
power  is  cut  off  and  the  train  begins  to  coast.  To  locate  this  time 
more  definitely,  insert  a  needle  point  at  some  point  along  the  F  axis 
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of  the  templet  and  invert  the  templet  so  that  its  X  axis  coincides 
with  the  X  axis  of  the  curve  and  its  Y  axis  touches  the  needle 
point.  (See  "Second  Position  of  Tenjplet*' dotted  lines,  Fig.  50.) 
The  point  A  at  which  the  coasting  speecttime  curve  on  the  templet 
crosses  the  acceleration  speed-time  curve  is  the  point  at  which 
power  is  cut  off  and  coasting  begins.  In  the  construction  of 
speed-time  curves  where  the  item  of  energy  is  concerned,  it  is  most 
important  that  the  time  at  which  power  is  cut  off  be  accurately 
determined,  and  in  such  cases  it  is  recommended  that  either  the 
above  method  or  the  one  described  below  be  employed. 

Locatioa  of  Coasting  Line  when  Brakes  are  to  be  Applied  at  a 
Given  Speed.  Construct  the  acceleration  portion  of  the  speed- 
time  curve  and  its  corresponding  distance-time  curve,  and  carry 
both  to  a  time  somewhat  beyond  that  at  which  it  is  assumed  coast- 
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Fig.  51' — Method  of  joining  retardation  and  acceleration  curves. 

ing  win  begin.  These  curves  should  be  plotted  on  tracing  paper  or 
cloth,  and  will  be  similar  to  those  shown  by  the  solid  lines  iii  Fig. 
51. .  (For  figure  51  grades,  see  page  190.)  Next,  on  a  second  sheet 
of  paper,  and  to  the  same  scales,  begin  at  the  end  of  the  run  and 
plot  the  braking  and  coasting  speed-time  curves  up  to  a  speed  some- 
what in  excess  of  that  where  it  is  assumed  coasting  will  begin.  The 
distance-time  curve  for  braking  and  coasting  should  also  be  plotted 
on  the  second  sheet,  beginning  at  the  proper  distance  ordinate  for 
the  end  of  the  run  (1.7  miles  in  Fig.  51).  The  curves  on  the  second 
sheet  will  appear  as  shown  by  the  dotted  lines  in  Fig.  51.  Then 
place  the  second  sheet  under  the  first,  and  keeping  the  base  lines 
coinciding,'  slide  one  under  the  other  until  the  two  speed-time 
curves  cut  one  another  on  the  same  vertical  ordinate  as  that  of  the 
point  of  tangency  of  the  two  distance- time  curves  {cc\  Fig.  51). 
The  speed-time  and  distance-time  curve  to  the  right  of  this  ordinate 
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on  the  second  sheet  (dotted  lines,  Fig.  51)  may  now  be  traced  on  the 
first  ^eet  and  the  curves  are  complete  for  the  run,  and  show  not 
only  the  time  at  which  power  should  be  cut  off  in  order  to  coast 
down  to  the  given  speed  for  applying  brakes,  but  also  the  total  time 
required  for  the  run  under  the  assumed  conditions. 

Speed-time  Curve  for  Train  over  Given  Section  of  Track  with 
Varjring  Grades  and  Alinement  When  it  is  required  to  plot  a 
speed-time  curve  for  a  train  over  a  given  track,  taking  into  considera- 
tion the  effect  of  definite  track  grades  and  curvature,  it  is  conven- 
ient to  divide  the  total  distance  into  consecutively  numbered  sec- 
tions, each  of  which  is  uniform  throughout  its  length  with  respect 
to  track  grades  and  curvature.  A  tabulation  should  then  be  made, 
with  the  following  headings  (compass  points  are  relative  only). 

I.  Consecutive  number  of  section  (beginning  at  west  end). 
II.  Length  of  section  (feet  or  miles). 

III.  Percentage  of  track  grade  ("  + "  for  down,  "  —  "  for  up 

grade  in  east-bound  direction). 

IV.  Degree  of  track  curvature. 

V.  Track   curvatiu'e  expressed   as   "equivalent  grade"    (as 

explained  below:  always  with  "  —  "  sign). 
VI.  Net  equivalent  grade,  east-bound. 
VII.  Net  equivalent  grade,  west-bound. 

As  the  values  of  resistance  due  to  track  curves  and  that  due  to 
grades  are  functions  only  of  the  degree  of  curvature  and  the  per- 
centage of  grade,  respectively,  the  degree  of  track  curvature  (Col. 
IV)  may  be  expressed  in  terms  of  "equivalent  grade"  (Col.  V)  as 
follows: 

,      nc 

«^  =  ^ 

in  which    n  =  number  of  degrees  of  track  curvature 

c   =  track  curve  resistance,  pounds  per  ton  per  degree 

of  curvature.     (See  p.  169.) 
^  as  "equivalent  grade,"  per  cent.,  which  would  cause 

a  resistance  equal  to  the  curve  ». 

If  the  values  in  Cols.  Ill  and  V  have  been  given  "  +  "  or  "  —  " 
signs  as  above,  their  algebraic  sums  will  give  tiie  proper  values  for 
Col.  VI;  reversing  the  signs  in  Col.  Ill  and  adding  the  values  in 
Col.  V  will  give  the  proper  values  for  Col.  VII. 

Using  Cols.  VI  and  VII  values  (multiplied  by  20)  for  G',  the 
formula  for  acceleration  becomes 

A  =  o,oiogSK{P  -^f-^G') 
with  but  three  variables  instead  of  four,  as  before. 

The  speed-time  curve  may  then  be  plotted  as  before  described, 
bu^  the  distance-time  curve  must  be  plotted  at  the  same  time. 
The  distance-time  curve,  in  connection  with  the  distance  values 
as  shown  in  Col.  II  of  the  tabulation,  will  show  the  time  ordinate 
at  which  the  acceleration  formula  must  change  by  the  substitution 
of  a  new  value  for  the  equivalent  grade,  C.  It  is  advisable  to  use 
the  method  described  on  p.  183  to  locate  the  coasting  and  brak- 
ing curve.  The  completed  curve  will  be  similar  to  that  shown  in 
Fig.  51. 
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Chart  of  Acceleration  Coeffidents.  Where  a  considerable  num- 
ber of  speed-time  curves  are  to  be  plotted  for  the  same  equipment, 
the  "cluirt  of  acceleration  coefficients''  as  proposed  by  Mr.  C.  O. 
Mailloux  (A.I.E.E.,  1902)  becomes  most  convenient.  This  chart, 
a  sample  of  which  is  shown  by  Fig.  52,  is  plotted  with  rates  of  accel- 
eration as  ordinates  and  miles  per  hour  speed  as  abscissas.    Curve 
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Ap  is  the  solution  of  Ap  =  o.oiogSiTP  with  P  =  ^  for  the  partic- 
ular equipment  in  hand,  values  of  tractive  effort  being  taken  for 
various  speeds  from  the  motor  characteristic  curve.  Curve  Ap 
may  be  plotted  between  the  limits  of  maximum  possible  motor  cur- 
rent and  maximum  safe  motor  armature  speed.  The  dotted  line 
Ap  corresponds  to  the  current  per  motor  (constant  or  not,  as  as- 
sumed) during  the  period  in  which  it  is  under  control,  by  rheostat 
or  otherwise.  Curve  A/ is  the  solution  of  -4/  =  o.oio98/C(  — /)  with 
/  the  value  of  train  resistance  for  the  particular  equipment  at  various 
speeds.  Curve  A/  is  the  same  as  Curves!/  reproduced  above  the 
X  axis.  Curve  i4F  is  the  solution  of  ^f  =  o.oiog&K(P  —  /)  = 
o.oiogSKP  —  o.oiogSjK/,  and  therefore  its  ordinates  are  the  alge- 
braic sum  of  the  ordinates  of  Curves  Ap  and  -4/,  or  the  ordinate 
distance  (which  may  be  measured  with  a  pair  of  dividers)  between 
curv^  Ap  and  A/,  Lines  are  drawn  above  and  below  and  parallel 
to  the  X  axis,  at  ordinate  distances  therefrom  equivalent  to  solu- 
tions of  Ao  »  o.oio98i^(+  G)y  and  marked,  as  at  the  right  of  Fig. 
52,  with  the  per  cent,  grade  to  which  they  correspond. 

If  track  curvature  be  expressed  as  "equivalent  grade,"  as  ex- 
plained on  p.  184,  the  chart  may  be  used  for  any  solution  of  the 
acceleration  formula  A  —  0.01098^  (P  —  f  —  c  ±  G)  for  the  par- 
ticular equipment  in  hand.  For  the  rate  of  acceleration,  with 
motor  current  applied,  at  any  speed  and  on  any  (equivalent)  grade, 
take  the  ordinate  value  (on  that  speed  ordinate)  between  curve  Ap 
and  the  line  for  that  particular  grade.  For  the  rate  of  acceleration 
during  coasting,  take  the  ordinate  value  between  A/  and  the  grade 
line.  Ordinate  values  measured  below  Af  or  A/  are  positive,  above 
are  negative.  The  speed  abscissa  on  which  curve  Af  cuts  any  grade 
line  indicates  the  speed  at  which  ^4  =  O,  or  the  maximum  uniform 
speed  which  will  be  maintained  on  that  grade,  with  current  on. 
Likewise,  the  speed  abscissa  at  which  A/  cuts  any  grade  line  indi- 
cates the  maximum  uniform  speed  at  which  coasting  will  be  main- 
tained on  that  grade.  The  following  solutions  have  been  indicated 
on  Fig.  52. 

Rate  of  acceleration,  power  on,  at  33  miles  per  hour,  on  2  per 
cent,  down  grade  =  1.32  miles  per  hour  per  second  (length  of 
ordinate  ab). 

Rate  of  retardation,  coasting,  at  37  miles  per  hour  on  iH  per 
cent,  up  grade  =  0.46  miles  per  hour  per  second  (length  of 
ordinate  ca). 

Maximiun  constant  speed,  current  on,  on  0.5  per  cent,  up  grade 
=  49.5  (oiles  per  hour  {e). 

Maximum  coasting  speed  on  i  per  cent,  down  grade  =  44.0  miles 
per  hour  (7). 

In  the  practical  use  of  the  chart,  the  ordinate  value  between  curve 
i4F  or  i4/  and  a  grade  line  is  most  conveniently  measured  by  a  pair 
of  dividers,  transferring  the  measurement  to  the  A  scale  at  the  left 
of  the  chart.  If  some  care  be  exercised  in  the  original  construction 
of  the  chart,  and  it  be  made  to  a  sufficiently  large  scale,  rates  of 
acceleration  may  be  very  rapidly  determined  to  an  accuracy  of 
H  00  mile  per  hour  per  second. 
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Chart  of  Reciprocals.  For  use  in  connection  with  the  above 
described  chart  of  acceleration  coefficients,  Mr.  Mailloux  proposes 
a  "chart  of  reciprocals,"  a  sample  of  which  b  shown  in  Fig.  53. 
Rates  of  acceleration  are  plotted  as  ordinates  (to  the  same  scale 
as  that  used  in  the  Chart  of  Acceleration  Coefficients  (Fig.  52)) 
against  time  values  as  absdssas.*  Various  reciprocal  curves  are 
then  drawn,  the  true  reciprocal  curve  being  marked  ^'i  mile 
per  hour,"  the  half  reciprocal  curve  "0.5  mile  per  hour," 
the  twice  reciprocal  curve  **2  miles  per  hour,"  etc.,  between  the 
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Time-Secondi 
Pig.  S3. — Typical  chart  of  reciprocals. 

limits  of  speed  increments  desired.    The  chart  is  so  drawn  to  take 

,       ^  r  ^1.       1  ^»        X'        •  a.      velocity  increment 

advantage  of  the  relation:  time  increment  =  =~— — —. 

•  acceleration 

and  shows  the  time  required  to  make  a  given  increment 
of  speed  at  a  given  rate  of  acceleration.  In  its  practical 
use,  the  length  of  ordinate  representng  the  rate  of  accelera- 
tion is  taken  off  the  chart  of  acceleration  coefficients  with  a 
pair  of  dividers,  one  point  of  which  is  then  moved  along  the  X  axis 
of  the  chart  of  reciprocals  until  the  other  point  cuts  the  required 
speed  increment  curve;  the  abscissa  on  which  this  occurs  indicates 
the  time  increment  directly.  Thus  the  coordinates  of  the  terminat- 
ing point  of  a  speed- time  curve  increment  are  definitely  located, 
obviating  the  possible  errors  likely  to  result  from  drawing  this 
increment  at  a  slope  corresponding  to  a  rate  of  acceleration.  .  Ob- 
viously, the  chart  of  reciprocals  is  a  general  one  and  one  such  chart 
may  be  used  in  connection  with  any  number  of  charts  of  acceleration 
coefficients,  provided  only  that  aU  are  drawn  to  the  same  scale  of 
rates  of  acceleration. 

Tradng  Method  of  Construction  of  Speed-time  Curves.    Where 
speed-time  curves  are  to  be  drawn  for  a  considerable  number  of 
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runs  with  the  same  equipment,  espedaliy  with  vailing  track  grades 
and  lengths  of  run,  a  most  convenient  method  is  one  described  by 
Mr.  C.  O.  Mailloux  (Trans.  A.I.E.E.,  1902).    A  given  motor  start- 
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ing  current  having  been  assumed,  a  number  of  accelerating  speed- 
time  curves  are  drawn,  for  level  track  and  various  percentages  of 
up  and  down  grades;  these  are  drawn  to  the  same  scales  as  have  been 
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chosen  for  the  final  curves;  corresponding  distance-time  curves  are 
also  drawn  on  the  same  axes  (Fig.  54).  On  a  second  sheet,  to  the 
same  scales,  coasting  speed-time  curves  and  distance-time  curves 
are  drawn,  for  level  track  and  various  grades  (Fig.  55).  Some  care 
should  be  exercised  in  constructing  these  two  charts  acciurately. 
Curves  on  both  charts  should  be  drawn  between  the  linuts  of  the 
maximum  grades  to  be  encountered,  and  a  sufficient  number  of 
both  accelerating  and  coasting  curves  should  be  drawn  so  that  the 
curves  for  intermediate  grades  may  be  readily  interpolated  with 
sufficient  accuracy  when  tracings  are  being  made. 

Having  tabulated  the  uniform  sections  of  track,  as  suggested 
on  p.  184,  the  final  speed- time  curve  is  drawn  on  tracing  paper, 
over  the  proper  one  of  the  two  charts  described.  To  trace  the  speed- 
time  ciurve  for  any  track  section,  move  the  chart  under  the  tracing 
paper  (with  time  axes  coinciding)  until  the  speed- time  curve  on  the 
chart  for  the  (equivalent)  grade  of  the  track  section  falls  on  the  point 
of  speed' and  time  known  at  the  beginning  of  that  section.  Trace 
this  curve  to  the  point  where  its  corresponding  distance-time  curve 
indicates  that  the  length  of  the  track  section  has  been  covered,  and 
repeat  for  the  various  track  sections  tabulated.  It  is  advisable 
that  the  retardation  portions  of  each  run  be  plotted  backward  from 
the  stop,  as  described  on  p.  183,  and  here  also  the  same  method 
of  tracing  may  be  used. 

The  final  distance-time  ciuve  m|iy  also  be  traced  from  these 
charts,  if,  after  the  speed-time  curve  section  has  been  drawn  for  a 
given  track  section,  the  chart  be  moved  imder  the  tracing  along  a 
vertical  ordinate,  keeping  time  axes  parallel,  until  the  proper  dis- 
tance-time curve  coincides  with  the  terminal  point  on  the  end  of  the 
curve  as  drawn  for  the  preceding  section;  then  trace  for  the  proper 
distance. 

The  run  curve  shown  in  Fig.  51  was  constructed  by  this  tracing 
method  from  the  charts  shown  in  Figs.  54  and  55.  In  the  data 
assumed,  and  given  below,  the  breaks  in  grades  have  been  made 
much  sharper  than  are  practicable,  simply  in  order  to  bring  out  in  a 
small  figure  the  effects  of  changes  in  grade  on  the  speed-time  curve. 
The  data  assumed  for  Fig.  51  are  as  follows: 

Section  Length  Grade 

o-a  o .  20  level 

a-b  0.2s  I  pet  cent,  up 

b-d  0.30  H  per  cent,  down 

d-e  0.9s  level 

Braking  to  begin  at  40  miles  per  hour. 

Straight  Line  Speed-time  Curves 

(From  A.  H.  Armstrong,  Standard  Handbook,  1910,  Sec.  13, 
Pars.  66  to  76,  inc.) 

The  problem  of  train  acceleration  deals  with  the  movement  of  a 
given  weight  over  a  given  distance  within  a  specified  time.  As  it 
is  impracticable  to  start  and  stop  the  train  instantaneously,  it  is 
necessary  to  deal  with  some  finite  rate  of  acceleration  and  braking, 
thus  giving  rise  to  the  simple  form  of  speed-time  curves  shown  in 
Fig.  56.  The  speed-time  curve  is  here  shown  in  the  simplest  form, 
acceleration  being  carried  on  at  constant  rate  up  to  the  point  of 
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yilying  brakes,  which  are  so  applied  as  to  also  give  a  constant  rati 
brakii^.     The  area  enclosed  within  the  triangle,  A,  B,  C,  i 
proportional  to  the  distance  travelled,  the  distance  covered  up  ti 
any   instant  being    repre- 
sented by  the  distance-time    ^ 

e  shown.     Thus,  with  I  { 


age  speed  of  30  miles  per 

hour    that  is,  covering  a  buudt 

distance  of  5280  ft.  in  120       Fic.  s6.—Typicsl  straight  Ime  speed  and 

The  simple  Formulas  requiredin  the  construction  of  fundamental 
speed-time  curves  are  given  as  follows: 
Let  s  represent  velocity  in  feet  per  second 

/,  the  force  producing  acceleration  expressed  in  pounds  per  ton 

t,  the  time  interval 

m,  the  mass  (»j  =  —  =  -^ ) ,  and 
\  g        32-W 

in  pounds.  , 

m      to 
Expressing  w  in  tons,  j  =  ■    --  — 
Then  r  =  0.0161// 

It  Is  more  convenient  to  express  velocity  in  miles  per  hour. 
Hence  S  —  o.68m,  in  miles  per  hour 

and  substituting  S  ■■  0.01098/I. 
the  distance  covered  in  any  given  time  may  be  expressed 

^  /'■  X  32.a 

=  0.0080s /!• 
In  practical  operation  it  is  not  possible  to  choose  the  rate  of  accel- 
eration and  braking  with  such  nicety  as  shown  in  Fig.  56,  a  greater 
or  less  period  of  coasting  being  required.  Introducing  coasting 
gives  rise  to  the  form  of  speed-time  curve  shown  in  Fig,  57,  showing 
three  friction  rates:  F  =  a,  15  and  30  lb.  per  ton  respectively. 
With  no  friction  the  speed-time  curve  ABCD  is  constructed,  the 
speed  being  maintained  constant  at  40  miles  per  hour  during  the 
coasting  period.  With  15  lb.  per  ton  friction,  the  speed-time 
curve,  AEGD  is  formed,  and  with  30  lb.  per  ton  friction  the 
speed-time  curve  AFRD.  The  introduction  of  friction  occa^ons 
a  f^ng  off  of  speed  during  the  coasting  period  proportional  to 
the  friction  value  taken,  which  for  the  sake  of  simphdty  b  here 
assumed  to  be  constaiit  at  all  speeds. 
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The  speed-time  curves  shown  in  Pigs.  56  and  57  both  indicate 
thecompletionof  therunof  szSoft.  in  120  seconds,  althoii^h  in  one 
case  the  late  oC  acceleration  was  that  produced  by  65.7  lb.  per  ton, 
and  in  the  other  case  by  100  lb.  per  ton.  These  curves  are  of  equal 
area,  as  the  distance  in  each  case  is  5280  ft.,  arid  it  thus  becomes 
possible  to  produce  any  number  of  speed-time  curves  for  a  given 
distance  and  elapsed  time 
by  varying  the  rate  of  ac- 
□  celeration  with  consequent 

'  '■      "1  time  of  coast- 


ing. 

A  more  extended  set  of 

curves  b  given  in  Fig.  58, 

for  the  same  distance  of 

'    ■    niile     covered    in     130 

traicht  line  speed-time     seconds,  the  rate  of  acceler- 

aastingresistancesi.  atioo    varying   from  0.713 

miles  per  hour  per  second 

n  infinite  number  of  miles  per  hour  per  second  as 

A  train  resistance  value  of  15  lb.  per  ton  is  assumed  constant  al 


Is  reached  with  the  different  rates  of  acceleration.     The  highest 
mum  speed  required  is  obtained  with  no  coasting,  and  the  mini- 
i  speed  is  obtained  with  an  infinite  rate  of  acceleration.     The 
pounds  per  ton  correspoDdiug  to  the  different  accelerating  rates  are 


Flc.  JS. — Typical  stfsight  line  speed-time  Curves  (vaiioui  rates  of  accel- 

given  as  including  t  5  lb.  per  ton  trdn  resistance,  hence  the  net  trac- 
tive effort  values  corresponding  to  the  rates  of  acceleration  indicated 
are  15  lb.  per  ton  less  than  the  figures  given. 

Instead  of  plotting  similar  curves  for  distances  other  than  5*80  ft., 
advantage  may  be  taken  of  the  fact  that  the  area  enclosed  by  the 
speed -time  curve  is  proportional  to  the  distance  travelled  and  the 
coordinates  are  proportional  to  the  square  root  of  the  enclosed  area. 
It  is  convenient  therefore  to  plot  a  full  series  of  curves  for  one  dis- 
tance, preferably  one  stop  per  mile,  that  is,  a  distance  of  5280  ft. 
run,  and  apply  the  results  so  obtained  for  any  other  distance  by  using 
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a  factor  expressing  tlie  celation  of  the  square  roots  of  the  distance 
traveled.  Thia  is  shown  in  Fig.  59,  where  ABCD  repiesents 
an  area  of  i  mile,  or  cme  stop  per  mile  AFIL  two  stops  per 
nule  with  a  factor  of 


four     stops    per    nule    a 

with  a  factor  of    -t=  5  " 

=  o.s.      and     AGJU  "  *[  ^      ^     »     tM"!^     .- 

one  stop  la   Hi  nules  H«oiitb 

with  a  factor  of  vT!s=       FiO.  S9-— Similar  itraight  line  speed-time 
l.ajj.  cnrvea  (-(arioua  distanetB). 

Referring  to  Pig.  5S,  it  is  obvious  that  a  sitoilar  sheet  could  be  pre- 
pared for  any  elapsed  time  other  than  120  seconds,  udng  the  same 
train  resistance  and  braking  values  of  15  and  150  lb.  per  ton 
respectivdy. 

Fig.  60  is  constructed  to  show  the  tjme  limits  imposed  by  15-lb.  per 
ton  train  teastance,  and  150  lb.  per  ton  braking  for  any  length  Ot 
run  and  any  rate  of  acceleration.    The  dotted  curves  indicate  the 


Fig.  60. — Genecil  itraight  line  speed-time  ourvei  (train  rebistance,  I  s  lb.  pet 
too;  braking  resistaoce,  ijo  lb.  per  ton). 

lod  of  the  several  maximum  speeds  reached  with  different  accelerat- 
ing rates  for  a  run  made  in  a  given  elapsed  time;  thus  the  dotted 
curve  terminating  at  So.  7  ib.  per  ton  is  a  reproduction  of  the  si  mi  iar 
dotted  curve,  AB,  given  in  Fig.  58,  and  gives  the  maximum  speed 
reached  with  any  rate  of  acceleration  for  a  run  of  S^So  ft.  i 


194  ELECTRIC  RAILWAY  HANDBOOK 

limiting  maximum  speeds  reached  with  any  rate  of  acceleration 
when  a  run  of  5280  ft.  is  accomplished  in  no  seconds  with  the 
same  values  of  train  resistance  and  braking,  etc. 

The  full  line  CD  gives  the  angle  made  by  a  coasting  line  at  the 
rate  of  15  lb.  per  ton  train  friction.  Thus  in  a  run  completed  in  1 20 
seconds,  the  minimum  accelerating  rate  corresponds  to  80.7  lb.  per 
ton  (gross)  and  no  coasting  is  introduced,  braking  commencing  as 
soon  as  acceleration  ceases.  If  a  higher  rate  of  acceleration  dian 
80.7  lb.  per  ton  be  used  for  a  cycle  completed  in  120  seconds,  for  ex- 
ample 132  lb.  per  ton  (gross),  coasting  must  be  introduced  between 
the  accelerating  and  braking  lines.  This  coasting  line  my  be  plotted, 
with  132  lb.  per  ton  acceleration,  by  drawing  a  line  parallel  to  full 
line  CD  (Fig.  60)  starting  at  intersection  of  acceleratmg  line,  132  lb. 
per  ton  and  dotted  line  to  80.7,  and  terminating  at  intersection  with 
braking  line  ending  at  126  seconds. 

By  the  use  of  Fig.  60  it  becomes  possible  to  determine  the  time 
required  to  make  a  run  over  any  distance  with  any  rate  of  accelera- 
tion, provided  the  train  resistance  is  15  lb.  per  ton  and  braking  cor- 
responds to  150  lb.  per  ton  retarding  effort. 

Example:  Given  a  distance  of  8000  ft.,  train  resistance  15  lb.  per 
ton,  braking  efifort  150  lb.  per  ton,  tractive  effort  gross  67.4  lb. 
per  ton  (including  15  lb.  per  ton  train  resistance),  what  is  the  mini- 
mum time  required  to  perform  the  run  and  what  maximum  speed  is 
reached? 

Solution:  From  Fig.  60,  minimum  elapsed  time  with  674  lb. 
tractive  effort  is  130  seconds  with  no  coasting. 

Ratio  of  distances  =  \/-^^  =  1.23. 

\5280 

Hence  for  8000  ft.  time  of  run  =  130  X  1.23  =*  160  seconds. 

Maximum  speed  for  5280  ft.  =  55.6  miles  per  hour. 

Hence  for  8000  ft.  speed  =  55.6  X  1.23  =  68.5  miles  per  hour. 

In  actual  practice,  a  certain  amount  of  coasting  is  necessary; 
hence,  the  run  of  8000  ft.  would  be  made  in  somewhat  more  than  the 
minimum  possible  limit  of  160  secoiids,  or  else  the  tractive  effort 
should  be  increased  to  allow  for  a  higher  rate  of  acceleration  that 
would  permit  of  some  coasting. 

Fig.  60  is  of  universal  application  as  it  is  not  limited  to  any  par- 
ticular type  of  motive  power  having  its'own  peculiar  speed  character- 
istics. Moreover,  the  values  of  15  lb.  and  1501b.  chosen  for  train 
resistance  and  braking  effort  respectively  are  conservative 
operating  values  obtaining  in  practice.  The  maximum  speed 
which  is  reached  during  the  performance  of  a  service  run 
will  be  little  influenced  by .  the  type  of  motive  power  and  its 
curve  characteristics.  The  values  indicated  in  Fig.  60  will  hold 
approximately  true  in  service  operation  with  series  motors  of  either 
the  alternating  current  or  direct-current  type,  and  hence,  the  curves 
given  constitute  a  set  of  fundamental  data  by  means  of  which  it 
becomes  possible  to  attack  any  acceleration  problem  and  approxi- 
mate the  several  data  required. 
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dment-time  Curves.  A  current-time  curve  is  drawn  to  indicate 
the  current  per  motor,  current  per  car,  or  current  per  train  at  any 
instant.  It  is  plotted  between  time  values  as  abscissas  and  cur- 
rent in  amperes  as  ordinates,  and  for  convenience  is  constructed 
on  the  same  time  axis  with  the  sp>eed-time  and  distaAce-time  curves. 
(For  a  typical  example  see  Fig.  46.) 

Current  Curve  for  One  Motor. 

(a)  During  the  Straight  Line  Acceleration  Period.  During  abso- 
lute straight  line  acceleration  the  average  value  of  the  current  will 
remain  practically  constant  at  the  value,  shown  by  the  cvurent- 
tractive  effort  curve  for  the  equipment,  necessary  to  give  the  re- 
quired tractive  effort  for  that  rate  of  acceleration.  While  the  cur- 
rent is  being  controlled  the  exact  shape  of  the  current  curve  depends 
upon  the  arrangement  and  number  of  steps  of  the  starting  rheostat, 
transformer,  or  auto-transformer,  and  the  shape  of  the  ciurent- 
tractive  effort  characteristic  ciu*ve  for  Uie  motor  equipment.  At 
each  step  of  increase  of  voltage  applied  under  control,  the  value 
of  the  current  is  slightly  higher  than  that  to  supply  the  tractive 
effort  for  the  constant  rate  of  acceleration  desired,  and  this  value 
of  current  decreases  in  accordance  with  the  current  value  as  shown 
by  the  current-speed  curve  for  the  motor  equipment  as  the  speed 
increases. 

(b)  During  Acceleration  Beyond  the  Straight  Line  Acceleration 
Period.  From  the  time  full  voltage  is  applied  to  the  motor  until 
the  current  is  cut  off,  the  value  of  the  current  at  any  instant  is  given 
by  the  current-tractive  effort  motor  characteristic  curve  for  the 
proper  voltage  and  at  the  speed  for  that  instant. 

Current  Per  Car.  (Two  and  four  motor  equipments.)  To  plot 
the  current  per  car  the  value  of  current  at  any  instant  (for  similar 
motor  equipments)  is  found  from  the  value  of  current  per  motor 
at  that  instant,  as  follows: 

( a)  Two  Motor  Equipments  (Series  parallel  control) 
Series  (current  per  car)  =  (current  per  motor) 
Parallel  (current  per  car)  =  2  X  (current  per  motor) 

{b)  Four  Motor  Equipment 

Series  (current  per  car)  =  (current  per  motor) 
Series-parallel  (current  per  car)  =  2  X  (current'per  motor) 
Parallel  (current  per  car)  =  4  X  (current  per  motor) 

Current  Per  Train.  In  plotting  the  current  per  train  having 
more  than  one  motor  car  the  value  of  the  current  per  train  at  any 
instant  is  equal  to  the  sum  of  the  current  for  all  the  motor  cars  at 
that  instant. 

Potential  Curve.  The  line  potential  at  the  car,  or  potential 
across  motor  terminals,  is  generally  plotted  between  time  in  seconds 
as  abscissas  and  volts  as  ordinates  on  the  same  time  axis  as  is  used 
for  the  current  curve.  The  value  of  the  potential  at  the  car  at 
any  instant  depends  upon  the  potential  of  the  generating  station 


196  ELECTRIC  RAILWAY  HANDBOOK 

and  substation,  the  regulation  of  the  generator,  the  efficiency  and 
regulation  of  transformation,  transmission,  conversion  and  distribu- 
tion, and  load  on  the  system.  Its  value  may  be  obtained  prac- 
tically only  by  test.  For  preliminary  work  an  average  voltage 
at  the  car  is  usually  assumed  to  be  constant;  the  C(»Tesponding 
curve  is  a  straight  line  parallel  to  the  axis  of  time. 

Power  and  Power  Factor  Curves.  The  power  curve  may  be 
plotted  on  the  same  time  axis  with  other  curves  as  above,  and  its 
instantaneous  ordinate  (usually  to  a  scale  of  kilowatts)  is  at  any 
point  proportional  to  the  product  of  potential  and  current  per  motor, 
car  or  train  at  that  instant.  In  the  case  of  alternating-current 
equipments,  the  power  factor  must,  of  course,  be  used  in  the 
determination  of  the  power  ordinate  values,  arid  in  such  cases,  the 
power  factor  curve  is  usually  also  plotted  on  the  same  time  axis,  the 
instantaneous  values  being  determined  in  connection  with  the 
motor  characteristic  curve,  where  the  power  factor  of  the  motor  is 
shown  plotted  against  the  current  values. 

Traction  Power  Requirements 

Average  value  of  power  required  by  train  throughout  a  given 
period  of  time.  This  is  equal  to  the  value  of  the  total  energy  con- 
sumed by  the  train  throughout  that  period  divided  by  the  length 
of  that  period.    This  may  be  expressed  by  the  formula 

in  which  Pi  =  average  power  required  by  the  train  throughout 

period  ty  kw. 

Ct  =  total  gross  traction  energy  consumed  by  train 
throughout  period  /,  watt-hours.  (See  Energy  Con- 
sumption.) If  the  train  completes  several  runs 
during  this  period,  Cr  is  equal  to  the  total  energy 
consumed  by  the  train  in  making  all  those  runs 

t     =  length  of  period,  seconds. 

If  the  gross  traction  energy  input  to  the  train  {cr)  has  not  been 
calculated  the  approximate  average  value  of  power  input  required 
by  a  train  during  a  given  period  may  be  obtained  by  the  formula: 

'j,2FWL 

^'  — W 

in  which  Pi  =  approximate  value  of  average  power  input  jequired 

by  the  train,  kw. 
F    =»  total  average  train,  track  curve  and  grade  resist- 
ance (f  +  C  ±G)  for  the  train  throughout  the 
period  /,  pounds  per  ton  weight  of  trsun.    (See  Train 
Resistance) 
W  =  total  weight  of  train,  tons 
L    =  distance  traveled  during  period  /,  miles 
t     =  length  of  period  during  which  the  average  power  is 

to  be  determined,  seconds 
U  =  average  efBcienqy  of  motor  equipment,  decimaUy 
Jcpressed,    If  L  is  the  actual  length  of  a  complete 
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run  then  U  is  the  efficiency  of  acceleration  of  train 
and  motor  equipment  (see  page  206)  decimally  ex- 
pressed. 

Value  of  power  input  required  by  train  whUe  moving  at  con- 
stant speed.  The  approximate  value  of  power  input  required 
by  a  train  moving  at  a  constant  speed  may  be  obtained  by  the  for- 
mula: 

*  iooo(7      500^7 

in  which  Pj  =  approximate  value  of  power  input  required  by 

train,  kw. 
S    =  constant  speed  of  train,  miles  per  hour 
F    =  total  constant  train,  track  curve  and  grade  resist- 
ance (f  +  C  ±G)  for  the  train  while  running  at 
speed  S,  pounds  per  ton  weight  of  train.    (See 
Train  Resistance) 
W  —  total  weight  of  train,  tons 
'  U  =  efficiency  of  motor  equipment  at  the  proper  speed, 
decimally  expressed.    This  may  be  taken  from  the 
characteristic  curve  for  the  motor  equipment. 

Value  of  power  input  required  by  train  while  moving  at 
constant  speed  on  tangent  level  track.  When  the  train  is  mov- 
ing at  a  constant  speed  on  a  tangent  level  track  C  and  G  are  zero 
and  the  formula  is 

^   ^   2fWS  ^  fWS 

*  loooZ/       sooU 

in  which  Ft  =  approximate  value  of  power  input  required  by  train, 

kw. 
/    »  constant  train  resistance  for  the  train  while  run- 
ning at  speed  5,  pounds  per  ton  weight  of  train. 
(See  Train  Resistance) 

Wf  S  and  U  =  same  as  given  in  paragraph  immediately  preceding. 

Value  of  power  input  required  by  train  at  any  instant  during 
acceleration  may  be  obtained  by  the  formula 

^   2FaWS  ^  FgWS 

*  looot/       SooU 

in  which  Pt  =  approximate  value  of  power  input  required  at  that 

instant,  kw.  (except  loss  in  control  apparatus) 
Fa  =  gross  tractive  effort  of  motors  at    that   instant 
(including  not  only  that  required  for  acceleration, 
but  that  used  in  overcoming  train  resistance  and 
track  grade  and  curve  resistance),  pounds  per  ton 
weight  of  train.     (See  Acceleration; 
W  =  total  weight  of  train,  tons 
S    =  speed  at  that  instant,  miles  per  hour 
U  =  efficiency  of  motor  equipment,  at  a  load  correspond- 
ing to  the  required  gross  tractive  effort  per  motor, 
decimally  expressed. 
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Value  of  power  input  required  by  train  during  straight  line 
acceleration  for  direct-current  or  single-phase  equipments  with 
rheostatic  control, 

*        500U 

in  which  P4  =  approximate  average  of  power  input  required  dur- 
ing straight  line  acceleration,  kw. 

Fai  =  gross  tractive  effort  of  motors  during  straight  line 
acceleration,  pounds  per  ton  weight  of  train 

W  =  total  weight  of  train,  tons 

Si  —speed  at  instant  when  rheostat  is  entirely  cut  out, 
miles  per  hour 

U  =  efficiency  of  motor  equipment,  at'a  load  correspond- 
ing to  the  required  gross  tractive  effort  per  motor, 
decimally  expressed. 

Note  that  for  the  three  cases  of  (i)  parallel,  (2)  motors  two  in 
series  and  (3)  motors  four  in  series,  the  speed  S  should  correspond 
to  the  instant  when  rheostat  is  entirely  cut  out  with  such  motor 
combination.  As  a  rough  approximation,  the  power  input  in  cases 
(2)  and  (3)  are  about  ^  and  H,  respectively,  that  in  case  (i). 


0123456789      10 
0         JO         20        30        40        6OCP)     gower  BBgwIrnd,  gar.  pgrJEoa  WU  ol  Train 
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Fig.  61. — Power  required  per  ton  weight  of  train. 

Graphical  Solution  of  Power  Equations.    Figs.  61  and  62  give  a 

FS 
general  graphical  solution  of  the  equation  P  = jj  for  the  amount 

of  power  required  per  ton  weight  of  train.    Fig.  61  is  for  values  of 

F  up  to  50  lb.  per  ton.    For  speeds  greater  than  70  miles  per  hour 

(criven  speed) 
use  the  curve  for  speed  =  y fTT  ^^^  multiply  the  resulting 

kw.  per  ton  weight  of  train  by  that  constant.  Fig.  62  is  to  be  used 
in  determining  the  power  necessary  while  the  train  is  accelerating 
or  in  other  cases  where  the  value  of  F  is  greater  than  50  lb.  per  ton 
weight  of  train. 

Graphical  Determination.    The  average  value  of  power  required 
by  a  train  during  a  given  period  of  time  may  be  determined  from 
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the  power-time  curve  for  the  train.  (See  Power-time  curves,  page 
196.)  It  is  proportional  to  the  average  ordinate  of  the  power- 
time  curve  during  that  period  (if  values  of  time  are  plotted  as  ab- 
scissas).   This  may  be  found  from  the  area  (conveniently  deter- 

AP 

nuned  by  planimeter)  and  expressed  in  kw.,  it  is  equal  to  -=■ 

in  which  A   «  area  under  the  power-time  curve,  square  units 
P   =s  power  per  unit  ordinate  distance,  kw. 
T  «  length  on  time  axis  representing  duration  of  period, 
units. 

Units  may  be  in  inches,  centimeters,  etc.,  as  de- 
sired, but  At  P,  and  T  must  all  refer  to  the  same 
unit. 
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Pic.  6a. — Power  required  per  ton  weight  of  train. 

Instantaneous  Value  of  Ttaction  Power  Required  by  Train.  The 
value  of  traction  power  required  by  a  train  at  any  instant  may  be 
taken  directly  from  the  power-time  curve  for  the  train  and  run,  or 
it  may  be  obtained  by  the  following  formulas: 

ft 

for  direct  current,  P\  =  

1000 

for  single-phase  alternating  «   _  /a^^ 

current  ^       1000 

for  three-phase  alternating  «    _  1.732  X  1^EP  _  liEF 

current  *  1000  577 

in  which  P\  ~  instantaneous    value    of    power 

required  by  train,  kw. 
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It  «  current  per  train  at  that  instant, 

amperes 
Iz  =  current  per  train  at  that  instant, 

amperes  per  wire  of  three-phase 

system 

It  and  /s  may  be  taken  from  the  cur- 
rent-time curve  for  the  train 

E  =  trolley  or  third  rail  electromotive 
force  at  the  car  at  that  instant, 
volts.  This  may  be  taken  from 
the  electromotive  force-time  curve 
for  the  train  and  run 

F  =  power  factor  of  train  at  that 
instant  decimally  expressed.  This 
may  be  obtained  from  the  power 
factor- time  curve.  (See  Run 
Curves.) 

Average  Value  of  Traction  Power  Required  by  Several  Trains 
During  tibe  Same  Period.  The  average  value  of  power  required  by 
several  trains  throughout  a  given  period  is  equal  to  the  sum  of  the 
average  values  of  power  required  by  all  those  trains  throughout 
that  period. 

Average  Value  of  Traction  Power  Required  by  All  the  Trains  on  a 
Given  Section  During  a  Given  Period.  The  average  vdue  of 
power  required  by  each  train  may  be  calculated  for  the  time  during 
which,  and  in  the  period  given,  the  train  is  on  the  given  section. 
The  sum  of  the  average  power  thus  determined  for  all  the  trains 
is  the  average  power  required  throughout  the  given  period  by  all 
the  trains  ou  the  given  section. 

Instantaneous  Value  of  Power  Required  by  Several  Trains.  The 
instantaneous  value  of  power  required  by  several  trains  is  equal  to 
the  sum  of  ^he  instantaneous  values  of  power  required  by  all  those 
trains  at  that  instant. 

Power  Required  at  Substation.  The  average  or  instantaneous 
value  of  power  required  at  the  substation  bus  bars  is  equal  to  the 
average  or  instantaneous  value,  respectively,  of  power  required 
at  the  trains  taking  power  from  that  substation  divided  by  the 
average  efficiency  (decimally  expressed)  of  the  distribution  and 
working  conductor  systems  connecting  the  trains  to  the  substa- 
tion. In  approximating  the  power  required  at  a  given  time  on  a 
given  section  over  which  the  trains  have  regular  running  times  and 
all  definite  stopping  places,  such  as  turnouts  and  stations,  the 
train  sheet  or  graphical  time  table  (seep.  137)  may  be  used  to 
advantage  as  it  wiU  give  the  number  and  location  of  trains  on  the 
section  at  any  time.  This  information  together  with  the  run  curves 
for  the  trains  and  runs  included  in  this  section  will  make  possible 
the  closest  approximation  to  the  value  of  power  required  at  the 
substation  bus  bars  at  any  instant.  Where  trains  are  not  oper- 
ated on  regular  running  times  with  definite  stopping  places,  so  close 
an  approximation  to  the  value  of  power  required  at  any  instant  is 
impossible,  but  the  average  value  of  power  required  during  any 
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period  may  be  approximated  to  a  degree  of  accuracy  depending 
upon  the  regularity,  frequency  and  uniformity  of  operation  over 
this  section.  The  average  value  of  power  per  train  required  may 
be  determined  from  the  run  curve  for  an  average  train  and  t3rpic^ 
run  on  this  section.  Multiplying  this  average  value  by  the  num- 
ber of  trains  on  the  section  during  the  given  period  will  give  the 
approximate  average^  value  of  power  required  at  the  substation 
throughout  that  period.  Any  change  in  the  headway,  speed  or 
weight  of  trains  will  tend  to  diange  the  power  requirements  of  the 
given  section.  For  sections  on  which  such  changes  are  brought 
about  periodically,  as  in  putting  on  extra  cars  and  adding  trailers 
during  rush  hours,  the  power  requirements  should  be  calculated  for 
each  of  the  different  conditions  of  operation. 

Power  Required  at  Generating  Station.  In  the  operation  of  a 
S3rstem  without  substations  the  value  of  power  required  at  the 
generating  station  bus  bars  may  be  determined  in  the  manner  just 
outlined  for  the  determination  of  power  required  at  the  substation 
bus  bars.  The  average  or  instantaneous  value  of  power  at  the 
generating  station  bus  bars  required  by  a  substation  is  equal  to 
the  corresponding  average  or  instantaneous  value,  respectively,  of 
power  required  at  the  substation  bus  bars  divided  by  the  combined 
efficiency  (decimally  expressed)  of  substation,  transmission  from 
generating  station  to  substation  and  generating  station  trans- 
formation. The  average  or  instantaneous  value  of  power  re- 
quired at  the  generating  station  bus  bars  by  several  substations 
is  equal  to  the  sum  of  the  corresponding  average  or  instantaneous 
power  values,  respectively,  required  at  the  generating  station  bus 
bars  by  all  the  substations. 

Load  Curves.  The  load  curve  for  a  substation  or  generating 
station  may  be  approximated  by  plotting  the  instantaneous  or 
average  values  of  power  required  at  the  bus  bars  of  the  station 
against  elapsed  time  and  connecting  adjacent  points  so  plotted.  If 
the  load  curves  for  the  substations  are  first  constructed  they  may 
be  convenient  in  applying  the  method  outlined  in  the  preceding 
paragraph  for  determining  the  power  required  at  the  generating 
station.  A  load  curve  for  an  existing  load  may  be  automat- 
ically drawn  by  a  graphic  recording  wattmeter.  A  curve  so 
drawn  gives  instantaneous  values  of  power,  and  from  it  average 
values  of  power  may  be  determined  in  the  manner  outlined  for 
determining  the  average  value  of  power  required  by  a  train. 

Energy  Consumption 

Energy  Consumption  for  Traction.  The  net  energy  available 
for  traction  remaining  after  the  control,  wiring,  motor  and  ftie- 
chanical  transnussion  losses  in  the  train  have  been  supplied  is  con- 
sumed in  the  two  following  processes:  first,  balancing  train,  track 
grade  and  curve  resistance;  second,  heating  brake  shoes  and  car 
wheels  while  braking.  The  first  continues  while  the  train  moves, 
the  second  only  while  the  train  is  in  motion  and  brakes  are  ap- 
plied. Therefore,  the  net  energy  consumed  for  traction  while 
the  train  is  in  motion  but  the  brakes  not  applied  is  consumed  in 
balancing  train,  track  grade  and  curve  resistances,  and  the  net 
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energy  consumed  for  traction  while  the  train  is  in  motion  and  the 
brakes  are  applied  is  consumed  in  balancing  train  resistance,  track 
grade,  track  curve  resistance,  and  heating  brake  shoes  and  car 
wheels. 

Net  Traction  Energy  Consumed  in  Moving  Train  when  Brakes 
are  not  Applied. 

^         60  X  33000 

=  i.ggFWL  =  approximately  2  FWL 
in  which 

Cp  =  energy  necessary  to  balance  train,  track  curve  and 

grade  resistances  while  the  train  travels  the  dis- 
tance considered,  watt-hours 

F  =  total  average  train,  track  curve  and  grade  re- 
resistance  (/  ±  G  -f  C)  for  train  while  travelmg 
the  given  section,  pounds  per  ton  weight  of  train 

L  =  distance  traveled,  miles 
W  ~  weight  of  train,  tons. 

Note:  Since  the  value  of  F  is  always  an  approximation,  the  use 
of  2  instead  of  the  more  nearly  exact  value  1.99  for  the 
constant  is  justified  in  this  and  similar  formulas  herein. 

Net  Traction  Energy  Consumed  while  Train  is  Coasting  or  while 
Moving  with  Brakes  Applied.  The  value  of  the  total  net  traction 
energy  consumed  by  a  train  in  passing  with  power  off  over  a  section 
between  two  given  points  is  equal  to  the  difference  between  the 
total  values  of  kinetic  energy  of  the  train  at  these  two  points,  that  is 

Eq  ■=  El  —  Ei 

in  which 

Eb—  net  traction  energy  consumed  while  brakes  are 
applied  or  train  is  coasting 

El  —  total  kinetic  energy  of  train  at  beginning  of  sec- 
tion considered.     (See  £»  below) 

Ei  =  total  kinetic  energy  of  train  at  end  of  section  con- 
sidered.   (See  En  below) 

En  =   2000Wh 

in  which 

En  =  total  kinetic  energy  of  train  at  any  instant  «,  foot- 
pounds 
W  =  total  weight  of  train,  tons 
h  =  kinetic  energy  head  for  train  at  the  instant  »,  feet. 

Expressing  kinetic  energy  head  in  terms  of  velocity  of  train  (see 
p.  144)  and  reducing  En  to  watt-hours, 

2000!^  X  (528o)g7n» 
•       32.2  X  2  X  (3600)2  iT  X  2655.4 

WVn^ 


3975  K 


_  0.0252  WVn^ 

K 
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in  which 

En  —  total  kinetic  energy  of  train  at  any  instant  n 

watt-hours 
Vn  —  velocity  of  train  at  that  instant «,  miles  per  hour 
K  =  ratio  of  linear  inertia  to  total  inertia  of  train.     (See 

p.  172) 
Substituting  £„  in  the  formula  for  Eb, 


Eb^ 


WVi''  WVi 


39.75  K      39.75  K 


W 


(Ki«  -  F,*)  or  ^^'^^l  ^  (7i«  -  Fa') 


39.75  K''-'         "'  K 


in  which 

W  =  total  weight  of  train,  tons 

Vi  =*  velocity  of  train  at  first  point  (beginning  of  section 

considered),  miles  per  hour 
V3  =  velocity  of  train  at  second  point  (end  of  section 

considered),  miles  per  hour. 

Net  Traction  Energy  Consumed  in  Heating  Brake -shoes  and 
Car  Wheels  dining  the  Process  of  Braking. 

Eb  ^  Eb  —  ep 
39-75  fl^ 

in  which 

TV  —  total  weight  of  train,  tons 

K  =  ratio  of  linear  inertia  to  total  inertia.     (See  p.  172) 

F3  =  velocity  of  train  at  beginning  of  braking  section 
considered,  miles  per  hour 

Va  =  velocity  of  train  at  end  of  braking  section  con- 
sidered, miles  per  hour.  When  train  is  brought  to 
a  standstill  by  braking,  F4  becomes  zero 

Lb  ~  length  of  braking  section,  miles 

F  =  total  average  train,  track  curve  and  grade  resistance 
(f  ±G  +  C)  for  train  while  traveling  the  braking 
section,  poimds  per  ton  weight  of  train. 

Approximate  Formula  for  Energy  Consumed  in  Heating  Brake- 
shoes  and  Car  Wheels  in  the  Process  of  Braking.  In  making  a 
rough  estimate  it  is  often  assumed  that  while  the  brakes  are  being 
applied  the  kinetic  energy  of  rotation  of  the  rotating  parts  just 
balances  the  train  resistance,  track  curve,  and  grade  resistances 
(if  the  latter  be  small).  This  assumption  gives  rise  to  the  following 
approximate  formula: 

Eb  =  —  (Vz^  -  Vi^)   or  o,o2sW  (Vz^  -  V^^) 
40 
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When  brakes  are  applied  until  train  comes  to  a  standstill,  the 

formula  becomes  Et  = 


i 

. 

1 

, 

/ 

/ 

/ 

/ 

y 

' 

0            1 

0             2 

P        _a 

0             4 

0           60 

40 


or  0.025  WV%^\VL 


Ml.  per  Hr. 
Speed  at  which  Brakes  are  Applied 

Pig.  63. — ^Losses  in  braking. 


which  the  significance 
of  the  symbols  is  the 
same  as  in  the  preced- 
ing paragraph.  Fig.  63 
gives  a  graphical  solu- 
tion of  tUs  formula. 

Total  Net  Traction 
Energy  that  must  be 
Available  for  Traction 
while  Train  is  Running 
with  Power  onBetween 
Two  Points.  The  value 
of  this  energy  is  equal 
to  the  sum  obtained  by 
adding  the  difference 
between  the  values  of 
the  kinetic  energy  of 
the  train  at  these  two 
points  to  the  net  trac- 
tion energy  consumed 
by  the  train  in  passing 
between  the  two  points. 
It  is  expressed  by  the 
following  formula: 


tfp  = 


W 


S9'75K 

0.0252pr 


in  which 


K 


(Vt*  -  76^)  +  2  WFtLt 


W  = 
K  = 

7.= 


F.= 


F2   = 


£2  = 


total  weight  of  train,  tons 

ratio  of  linear  inertia  to  total  inertia  of  train. 

(See  p.  172) 

the  velocity  of  the  train  at  the  beginning  of  the 

section  over  which  the  train  is  considered  to  run 

with  power  on,  miles  per  hour.    The  value  of  Fs  is 

zero  if  train  starts  from  rest  at  this  point 

the  velocity  of  the  train  at  the  end  of  the  section 

over  which  the  train  is  considered  to  run  with  power 

on,  miles  per  hour 

total  average  train,  track  curve  and  grade  resistance 

{f  ±  G  -^-C)  for  train  while  traveling  the  section 

between  the  two  given  points,  pounds  per  ton  weight 

of  train 

length  of  section  between  the  two  given  points, 

miles.    This  is  the  length  considered  over  which 

the  train  runs  with  power  on. 
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Total  Net  Tiactioii  Ene^Qr  Consumed  during  any  Rnn. 
Case  I.  Train  coasts  to  standstill,  brakes  not  applied. 

Energy  eonsiuned  =  ep    (See  p.  202.) 
Cure  3.  Brakes  applied  during  any  part  or  number  of  parts  of 

Energy  consumed,  kilowatt  hours  =  ep  +  Eb 
in  which 

ep  =  energy  consumed  while  brakes  are  nof  applied, 
kilowatt  hours.    (See  p.  20}.) 
Where  several  sections  over  which  the  train  runs  without  brak- 
ing occur  during  the  run,  ep  is  calculated  for  each  of  these  sections 
and  these  values  of  ep  are  added  together  to  give  the  value  ot  tp 
for  use  in  this  formula, 

Eb  —  energy   consumed   while   the  brakes   are   applied, 
kilowatt  hours. 
Where  several  sections  over  which  the  train  runs  with  brakes 
applied  occur  during  the  run,  Eb  is  calculated  for  each  of  these  sec- 
tions (see  p.  2oz)  and  all  those  values  of  Eb  are  added  together  to 
give  the  value  of  Eb. 


Pic.  64.— General  energy  output  chart  (train  resUtance,  lolb.perton). 

General  Energy  Output  Chart  The  general  energy  consump- 
tion charts,  Figs.  64  and  65  are  from  the  Standard  Handbookand  are 
based  'on  speed-time  curves  in  Fig.  60.  A  constant  braking  rate 
of  150  lb.  per  ton  weight  of  train  is  assumed  in  both,  and  a 
constant  train  resistance  of  10  and  15  lb.  per  ton  weight  of  train  is 
used  in  the  curves  of  Figs.  64  and  65  respectively.  These  curves 
give  approximate  values  of  energy  output  watt    hours  per  ton 
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mile,  for  a  i-mile  run  at  various  gross  tractive  efforts  for  accel- 
eration and  times  required  to  make  the  run  and  these  values  must 
be  divided  by  the  efficiency  of  acceleration,  to  get  energy  input. 

Use  of  General  Energy  Output  Chart  for  Runs  odier  than 
I  Mile  Long.  In  using  the  general  energy  output  charts  the 
chart  constructed  on  the  assimied  value  of  train  resistance  should 
first  be  selected.  Then  the  approximate  value  of  watt  hours 
per  ton  mile  is  given  by  the  ordinate  of  the  point  on  the  proper 
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Fig.  6s. — General  energy  output  chart  (train  resistance,  is  lb.  per  ton). 

gross  tractive  effort  curve,  whose  abscissa  is  equal  to  Ti  in  the 
following  formula.  The  curve  selected  should  correspond  to  the 
gross  tractive  effort  during  straight  line  acceleration. 


Ti  = 


in  which 


vr 


T  =  time  to  make  run  under  consideration,  seconds 
L  —  length  of  run  under  consideration,  miles. 

Efficiency  of  Acceleration.  The  efficiency  of  acceleration  of  the 
train  is  the  ratio  of  the  value  of  the  net  energy  available  for  trac- 
tion (output)  to  the  value  of  the  gross  energy  delivered  to  the  train  in 
furnishing  that  net  energy.  It  is  usually  expressed  as  a  per  cent. 
It  depends  upon  the  efficiency  of  control,  efficiency  of  car  wiring, 
motor  efficiency,  efficiency  of  mechanical  transmission,  and  the  "per 
cent,  of  straight  line  acceleration"  {see below)  obtaining  during  the 
particular  run  under  consideration. 

Efficiency  of  Acceleration  with  Series  Motors  and  Three-phase 
Induction  Motors*    The  following  table  from  data  given  in  ti\e 
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Standard  Handbook  gives  the  per  cent,  efficiency  of  acceleration  at 
various  per  cents,  straight  line  acceleration  for  (Urect-current  series 
motors,  also  for  three-phase  induction  motors  (connected  in 
parallel). 


Per  cent,  straight 
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Efficiency  of  Acceleration  with  Single-phase  Commutating  Motor 
Equipmente.  The  efficiency  of  acceleration  for  trains  equipped 
with  single-phase  commutating  motors  may  be  taken  at  70 
to  75  per  cent.  This  value  is  a  close  approximation  for  the 
class  of  service  to  which  such  equipments  are  most  often  used, 
i.e.,  an  express  or  semi-express  service  on  private  right  of  way, 
with  necessarily  small  per  cent,  of  sti'aight  line  acceleration. 

Efficiency  of  Acceleration,  Subukban  Passenger  Service. 
Series  Motors,  Series -Parallel  Control 


Description  of 

train:  2  motor 

-ears  ^  plus   the 

following  number 

of  trailers 
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(From  results  of  experimental  tests  at  Schenectady,  N.  Y., 
Paper  by  Arnold  and  Potter,  A.I.E.E.,  1902.) 

The  electrical  equipment  of  each  of  the  two  motor  cars  con- 
sisted of  four  "GE-5S"  motors  and  type  "M"  Control. 

Per  Cent  Straight  Line  Acceleration.  The  per  cent,  straight 
line  acceleration*  of  a  train  on  a  given  run  is  the  ratio  of  the  time 
during  which  the  individual  motors  of  the  train  take  constant 
current  to  the  total  time  current  is  supplied  to  the  motors,  ex- 
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pressed  in  per  cent.  The  per  cent,  straight  line  acceleration  for 
runs  of  greater  than  a  mile  in  length  may  be  less  than  lo;  on 
shorter  runs  it  is  greater  and  may  even  exceed  75  for  very  short 
runs*  It  may  be  taken  directly  from  the  speed-time  curves  for 
any  particular  case.  The  |>er  cent,  straight  line  acceleration  on 
the  Manhattan  Elevated  system,  N.  Y.,  is  approximately  $8, 
This  is  for  a  154-ton  train  on  a  1768-ft.  run,  rate  of  straight  Ime 
acceleration  1.33  miles  per  hour  per  second,  maximum  speed 
about  25.5  miles  per  hour,  average  speed  18.3  miles  per  hour. 
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Fig.  66. — ^Empirical  constants  for  energy  approximation  (Del  Mar- 

Woodbury). 

Approximate    Determination    of   Energy    Consumption.    The 

foUo^l!ring  method  and  constants  for  determining  the  approximate 
amount  of  energy  consumed  in  train  movement  are  by  Messrs. 
W.  A.  Del  Mar  and  D.  C.  Wopdbuiy. 
Significance  of  symbols: 

V  =  average  running  speed,  excluding  stops,  miles  per 
hour 
Vn.  =  maximum  speed,  miles  per  hour 
L  =  distance  between  stops,  miles 
Lp  =  distance  traveled  with  power  on,  miles 

N  =  J  =  number   of   stops   per   mile   including   one 

terminal 
/  =  average    train    resistance,    in    pounds    per    ton 

(say  that  corresponding  to  a  speed  of  10  to  20  per 

cent.-greater  than  the  average  speed) 
G  =  average  equivalent  grade,  per  cent. 
D  =  average  curvature,  degrees 
U  =  average   motor   and   controller   efficiencies   as   a 

decimal,  which  is  usually  about  0.7 

Vm 

/  =  -p-  (see  Fig.  66) 
Af  =  yr-   (see  Fig.  66).. 
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The  average  equivalent  grade,  in  per  cent.,  may  be  obtained  by 
the  following  formula,  which  assumes  only  one-half  the  gravita- 
tional energy  on  down  grades  to  be  saved,  the  remainder  being 
consumed  in  braking.  Other  assumptions  may  be  found  necessary 
in  certain  cases: 


lOO 


{Hi  -  H  Ht) 


where 


/  8  distance  between  stops,  feet  =  528QL 
Hi  »  sumnmtion  of  rises,  feet 
Hi  »  summation  of  falls,  feet. 

Output  at  Wheel  Rim  and  Input  to  Cak  in  Watt  Hours  per 

Ton  Mile 


Actual  energy  output 
at  wheel  rims  of  cars 

Approximate  electrical 
energy  input  to  cars 

Due  to  kinetic  energy 

Due  to  train  resistance. .. 

• 
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Due  to  curves 

M 

2.8s/ 

M 

Total 

Sum  of  above  ' 

Sum  of  above 

In  this  table  the  first  column  gives  the  approximate  mechanical 
energy  required  at  the  wheel  rims.  Iii  the  second  column  an  al- 
lowance of  70  per  cent,  for  efficiency  of  motors,  gears  and  control 
has  been  made.  (For  values  of  /  and  M  see  Fig.  66.)  In  cases 
where  Vm  and  Lp  are  known,  more  accurate  results  can  be  ob- 
tained by  using  them  in  the  formula  of  the  first  column. 

Example:  A  multiple-unit  train  makes  an  average  speed,  while 
running,  of  30  miles  per  hour,  making  a  stop  every  2  miles.  The 
average  train  resistance  is  7  lb.  per  ton,  the  average  equivalent 
grade  0.05  per  cent,  and  the  average  curvature  0.75  deg. 


Then 
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Kinetic  energy 
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Energy  for  grades  =  — — ,  *  =    1.7 

1.07 

■e  c  2.85  X  0.75 

Energy  for  curves  = — ^ — -^  =     1.3 

1.67 

Total  energy  input  at  train  =  48.3 

Energy  Consumed  in  Rheostat  The  energy  consumed  in  the 
series  motor  control  rheostat  and  api>earing  as  heat  therein  de- 
pends upon  (i)  the  voltage  drop  across  the  rheostat,  (2)  the  cur- 
rent flowing  through  the  rheostat  and  (3)  the  time  during  which 
this  current  continues  to  flow. 

Below  are  given  approximate  formulas  for  calculating  the  en- 
ergy consumed  in  the  series  motor  control  rheostat  per  motor  dur- 
ing start.  To  approximate  the  energy  consumed  in  the  series 
motor  control  rheostats  for  the  whole  train  the  rheostat  energy 
consumption  per  motor  should  be  calculated  for  all  motors  and 
these  should  be  added  together.  Cases  i  to  3,  inclusive,  are  for 
equipments  arranged  to  give  a  uniform  rate  of  straight  line  accelera- 
tion. Case  4  is  for  equipments  arranged  to  give  two  rates  of  ac- 
celeration, viz.,  one  rate  of  acceleration  while  half  the  motors  are 
in  series  with  the  other  half,  and  another  rate  of  acceleration  while 
all  the  motors  are  in  parallel.  (See  p.  173.)  The  condition 
of  constant  current  during  the  straight  line  acceleration  period 
is  more  or  less  closely  approximated  in  operation.  Since  tnc  re- 
sistance is  arranged  in  steps,  each  of  a  finite  value,  the  value  of  the 
current  will  fluctuate  above  and  below  this  constant  as  the  controller 
is  advanced  and  the  motor  speeds  up.  When  the  train  accelera- 
tion approximates  a  constant  rate  (straight  line),  the  mean  of 
these  fluctuating  values  of  current  will  approximate  the  value  of 
current  necessary  to  accelerate  the  train  at  the  constant  rate.  For 
convenience  in  using  these  formulas,  they  are  given  for  rheostat 
energy  consumption  per  motor.  The  second  formula  under  Case 
2  is  an  exception.  It  gives  an  approximation  to  the  loss  per  ton 
weight  of  train. 

Significance  of  Symbols ,  Cases  1/03,  Inclusive. 

«^  =  energy  consumed  in  rheostat  during  straight  line 

acceleration  period,  watt  hours  per  motor 
T  =  duration   of   straight   line   acceleration,    seconds. 
This  may  be  taken  from  the  speed-time  curve  for 
the  particular  train  and  run  under  consideration 
/m  =  constant  current  per  motor  during  period  of  straight 
line  acceleration,  amperes.    TMs  may  be  taken 
from  the  current-time  curve  per  motor  for  the  par- 
ticular train  and  run  under  consideration 
E  =  working  conductor  (trolley  or  third  rail)  potential  at 
the  motor  car  or  locomotive,  volts 
Rm  =  resistance  of  the  motor,  ohms.    (See  Fig.  47,  p.  264.) 
Case  I.    One  or  more  motors j  rheostatic  control.    AU  motors  in 
parallel  throughout  straight  line  acceleration  period. 

_In.T(E^Im  Rm) 
^  2  X  3600 
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Case  2.  Two-  and  jour-motor  equipmefUs,  series-parallel.  Two- 
motor  equipments  having  motors  in  series  throughout  first  part  of 
straight  line  acceleration  period  and  in  parallel  throughout  the  re- 
mainder of  straight  line  acceleration  period.  Four-motor  equip- 
ments having  two  groups  of  two  motors  in  parallel  in  series  through- 
out the  first  part  of  the  straight  line  acceleration  period  and  all 
motors  in  parallel  throughout  the  remainder  of  the  straight  line 
acceleration  period. 

^^  4  X  3600  (£  -  Im  Rm) 

3600  w 

in  which  £=  approximate  loss  in  watt-hours  per  ton,  il  =  amperes 
per  car  with  senes  position  of  controller,  V  =  yi  line  volts  —  drop 
in  motor,  T  —  time  of  straight  line  acceleration  in  seconds,  and 
W  =  weight  of  car  in  tons. 

Case  3.  Four  motors y  series y  series-parallel^  parallel.  All  motors 
in  series  throughout  first  part  of  straight  line  acceleration  period, 
two  groups  of  two  motors  in  parallel  in  series  throughout  the 
second  part,  and  all  motors  in  parallel  throughout  the  remainder 
of  the  straight  line  acceleration  period. 

^  ImT  is  E^-4  ETmRm  +  8  Im^R„^) 

^  16   X  3600  {E  -  ImRm) 

Case  4.     Two  rates  of  straight    line  acceleration   (see  p.  173), 
i.e.,  two  values  of  constant  current  per  motor  during  straight  line 
acceleration. 
Significance  of  Symbols,  Case  4. 

cr  =  energy  consumed  in  rheostat  during  straight  line 

acceleration  period,  watt  hours  per  motor 
7*1  =  duration  of  first  rate  of  straight  line  accelerationj 

seconds.     (Series  connection) 
T2  =  duration  of  second  rate  of  straight  line  acceleration, 
seconds.     (Parallel  connection.)     (Ti  and  T%  may 
be  taken  from  the  speed-time  curve  for  the  train  and 
run  under  consideration) 
7i  =  constant  current  ^er  motor  during  period  (Ti)  of 
first  rate  of  straight  line  acceleration,  amperes. 
(Series  connection) 
I2  =  constant  current  per  motor  during  period  (72)  of 
second  rate  of  straight  line  acceleration,  amperes 
(parallel  connection) .     (/i  and  1 2  may  be  taken  from 
the  current-time  curve  (per  motor)  for  the  particular 
train  and  run  under  consideration) 
E  =  working  conductor  (trolley  or  third  rail)  potential 
at  the  motor  car  or  locomotive,  volts 
Rnk  =  resistance  of  *the  motor,  ohms.     (See  Fig.  4  7,  page 
264.) 

Case  4.  Two-  and  four-motor  equipments,  series-paralleL  Two- 
motor  equipments  having  motors  in  series  throughout  period 
Ti  and  in  parallel  throughout  period  72.    Four-motor  equipments 
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having  two  groups  of  two  motors  in  parallel  in  series  throughout 
period  Ti  and  aU  motors  in  parallel  throughout  period  iTj. 

_  IiTi  {E  -  2  /iJg^)  +  hT2E 

^^  4  X  3600 

Energy  Constunption  Reduced  by  Use  of  Grade  at  Approach  to 
Station.  A  considerable  saving  of>energy  may  be  brought  about  by 
causing  a  train  to  Uft  itself,  at  a  station,  to  an  elevation  greater 
than  its  elevation  between  stations.  By  this  process  much  of 
the  energy  that  would  be  dissipated  as  heat  in  brake-shoes  and  car 
wheels  in  bringing  the  train  to  a  stop  while  maintaining  a  practical 
schedule  speed  on  a  level  track  is  converted  into  potential  energy 
available  to  aid  in  accelerating  the  train  while  it  departs  from  the 
station,  ^his  method  of  conserving  energy  is  especially  applicable 
to  operation  on  elevated  railways  and  subways,  where  the  track 
800     40 


"S/ v^ 

8  %  Down  Orade  Levol  3  ](  Dp  Grade 

370  Feet  1020  Peet  370  Feet 

FlG.  67.— -Example  of  energy  saving  by  use  of  grades  at  station  stops. 

grades  are  to  a  greater  extent  under  the  control  of  the  engineer  than 
is  generally  the  case  with  the  surface  railway.  Fig.  67  (hyijothetical 
example  by  P.  A.  Bancel,  A.I.E.E.,  1910)  shows  the  speed-time 
curve  and  energy  consumption  curve  for  a  154- ton  train  on  a 
typical  average  run  of  the  Manhattan  Elevated  system,  N.  Y., 
and  the  corresp)onding  curves  for  the  same  train,  with  lighter  motors 
as  explained  further  on,  running  the  same  distance  on  a  track  having 
a  3  per  cent,  up  grade  at  the  approach  to  the  station,  and  having 
a  3  per  cent,  down  grade  at  the  departure  from  the  station. 
It  is  to  be  noted  that  the  train  operates  at  the  same  schedule  speed 
in  both  cases,  but  in  traversing  the  run  having  the  grades  it 
consumes  much  less  energy  than  it  does  in  traversing  the  all  level 
run.  The  rate  of  straight  line  acceleration  is  the  same  in  both 
cases.  In  this  example,  the  3  per  cent,  grade  at  departure  from  the 
station  furnishes  a  force  of  approximately  9240  lb,  of  the  18,620  lb. 
(if  we  neglect  rotational  inertia)  necessary  to  accelerate  the  train 
at  the  required  rate  of  1.33  miles  per  hour  per  second.  The 
motors  are  then  called  upon  to  furnish  an  accelerating  force  of  ap- 
proximately 18,620  —  9240  =  9380  lb.  or  about  half  that  neces- 
sary on  the  all  level  run  so  they  need  have  only  about  50  per  cent. 


ENERGY  SAVINGS.    REGENERATION        213 

the  capacity  required  for  the  all  level  run.  In  constructing  the 
power  curve,  Fig.  67,  foi  the  train  operating  on  the  run  having  the 
grades,  it  was  assumed  that  the  capacity  of  the  motors  and  conse- 
quendy  their  torque  at  any  speed  are  one-half  those  for  the  all  level 
run.  A  comparison  of  the  power-time  areas  indicates  that  in  this 
case  operation  on  the  run  having  the  grades  demands  only  about 
half  the  energy  necessary  for  operation  on  the  all  level  run. 

Bnergy  Constunption  Reduced  by  Train  Operation.  The  fol- 
lowing comparative  data  are  from  the  report  of  the  Joint  Commit- 
tee on  Transportation-Engineering,  Am.  El.  Ry.  Eng.  Assn.,  1914. 
The  values  were  secured  on  a  tjrpical  interurban  road  in  the 
Middle  West,  operating  on  single  phase  alternating  current,  trans- 
mission voltage  33,000,  trolley  voltage  6600,  ^atic  transformer 
substations  so  situated  that  the  heaviest  trains  cause  only  a  very 
moderate  line  drop.  Results  would  be  similar  on  any  interurban 
road  operated  on  either  direct  or  alternating  current  and  having 
car  equipments  and  feeders  designed  for  heavy  service.  A  nor- 
mal day  is  compared  with  a  holiday,  the  totsil  number  of  trains 
operated  each  day  being  the  same.  On  the  holiday  sufficient  trail 
cars  and  motor  cars  were  added  to  the  various  trains  to  take  care 
of  the  traffic  presented,  most  additions  to  trains  being  trail  cars. 

Normal  day  Holiday 

Number  of  trains  oi>erated  zoo  per  cent.  100  per  cent. 

Total  seating  capacity  100  per  cent.  258  per  cent. 

Total  ton  mues  handled  zoo  per  cent.  222  per  cent. 

Output  of  power  station  zoo  per  cent.  176  per  cent. 

Bnergy  consumption  per  ton  mile    zoo  per  cent.  77>5  per  cent. 

Note  that  everything  on  a  normal  day  is  taken  as  100  per  cent. 

From  the  above  ib  is  readily  seen  what  a  great  saving  in  energy 
consumed  per  car  mile  or  per  passenger  mile  can  result  from 
train  operation.  In  this  case  the  seating  capacity  was  increased 
158  per  cent.,  total  ton  miles  handled  increased  122  per  cent.,  with 
an  increase  in  energy  consumption  of  only  76  per  cent. 

Regeneration  of  Electrical  Energy.  Regeneration  has  been 
practised  in  ordinary  braking  but  the  savings  brought  about  by 
It  have  been  most  generally  considered  to  be  insufficient  to  pay 
for  the  additional  necessary  apparatus,  complications  and  difference 
in  operation.  Practice  has,  consequently,  limited  its  application 
to  track  sections  of  long  heavy  grades.  On  grades  ordinarily  en- 
countered where  no  braking  is  necessary  the  results  of  operation 
with  the  train  rimning  free  are  more  satisfactory  than  the  results 
that  would  be  brought  about  by  regeneration  and  its  attending 
speed  restrictions.  When,  however,  the  force  of  a  train  while  it 
descends  a  grade  exceeds  the  amount  that  can  be  utilized  directly 
mechanically  to  overcome  train  friction,  regeneration  may  be  con- 
sidered. On  long  mountain  grades,  the  electrical  saving  by  re- 
generation may  be  incidental  to  the  saving  and  safety  gained  in 
avoiding  the  stresses  that  would  be  set  up  in  the  rolling  stock  in  the 
process  of  mechanical  braking;  it  may,  nevertheless,  be  great  in 
itself.  In  connection  with  operation  on  heavy  grades,  Mr.  A.  H. 
Armstrong  (A.I.E.E.^  1907)  states  that  the  amount  of  energy  saved 
by  regeneration  may,  in  certain  installations,  amount  to  as  great 
a  percentage  of  the  total  as  is  the  saving  affected  in  coal  ezpendi- 
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ture  in  steam  locomotives  by  compounding  and  providing  super- 
heaters and  feed  water  heaters.  In  a  f>aper  by  Messrs.  L.  B. 
Stillwell  and  H.  St.  Clair  Putnam  (A.I.E.E.,  1907)  it  is  stated  that 
by  regeneration  the  increase  in  energy  consumption  due  to  hauling 
a  train  up  grade  is  reduced  approximately  60  per  cent,  over  a  1.5 
per  cent,  grade,  and  in  freight  service  over  mountain  grades  the 
energy  required  will  not  exceed  that  consumed  on  level  track  by 
more  than  from  40  to  60  per  cent,  and  it  will  not  be  doubled  on 
grades  of  less  than  3  per  cent,  in  passenger  service,  nor  less  than  2 
per  cent,  in  freight  service. 

In  order  that  a  train  may  regenerate  energy  there  must  be  energy 
consuming  apparatus  connected  to  the  system  tp  which  this  re- 
generated energy  is  to  be  supplied.  This  condition  is  generally 
satisfied  by  the  presence  of  energy  consuming  trains  on  the  line. 
The  efficiency  of  the  S3rstem  in  consuming  this  regenerated  energy 
will  depend  upon  the  efficiency  of  transmission  and  distribution 
that  connect  the  regenerating  and  the  consiuning  apparatus,  there- 
fore, greatest  efficiency  is  attained  when  regenerating  and  con- 
suming apparatus  are  closest  together,  and  the  ideal  condition  is 
reached  when  one  train  is  ascending  the  grade  while  another  is 
descending.  When  this  occurs,  a  part  of  the  energy  required  by 
the  ascending  train  is  supplied  by  the  descending  regenerating  train; 
thus  the  power  house  is  not  called  upon  to  furnish  this  part. 
Mr.  Cary  T.  Hutchinson  has  said  (A.I.E.E.,  1907) :  "Two  tons  going 
down  the  grade  will  pull  i  ton  up  the  grade." 

On  the  general  subject  of  regeneration  control,  Mr.  A.  H.  Arm- 
strong (Standard  Handbook)  says:  "It  is  necessary  to  consider  the 
first  cost  of  the  equipment  and  the  increased  cost  of  maintenance 
as  offsetting  advantages  derived  from  a  possible  smaller  energy 
consumption  of  the  car.  It  is  not  too  much  to  expect  that  the 
car  equipment  will  be  increased  fully  50  per  cent,  in  weight  and 
first  cost  if  regenerative  control  be  adopted,  and  the  possible  15 
to  20  per  cent,  energy  must  be  balanced  against  the  interest  on  the 
additional  first  cost  and  cost  of  maintaining  the  equipment." 

Regeneration  with  Tkree-phase  Equipment.  Regeneration  with 
three-phase  induction  motor  equipments  is  automatic.  No 
change  in  connections  is  necessary  for  regeneration  and  the  speed 
of  the  train  in  descending  a  grade  is  but  little  greater  than  its  speed 
in  ascending  the  grade,  the  difference  being  the  sum  of  Uie  slip 
while  operating  as  a  generator  and  that  whUe  operating  as  a  motor. 

Regeneration  with  Series  Motors.  Regeneration  with  series 
motors  is  not  automatic.  It  requires  a  means  of  maintaining  the 
electromotive  force  of  regeneration  at  a  proper  amount  above  the 
electromotive  force  at  the  motor  due  to  trolley  or  third  rail  electro- 
motive force.  This  calls  for  a  modification  of  the  control  S3rstem. 
With  direct-current  series  motors  this  regulation  is  brought  about 
by  controlling  the  electromotive  force  of  regeneration.  With  single- 
phase  series  motors  it  is  brought  about  by  controlling  both  the  elec- 
tromotive force  regeneration  and  the  electromotive  force  at  the 
motor  due  to  troUey  or  third  rail.  One  motor  having  its  field 
excited  by  current  from  the  transformer  is  used  as  the  exciter 
for  the  fields  of  the  other  motors  whose  armatures  are  connected 
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to  the  transformer.  The  connections  of  the  motors  to  the  trans- 
former are  arranged  to  give  a  sufficient  excess  of  electromotive 
force  of  regeneration  over  the  electromotive  force  due  to  third 
rail  or  trolley. 

Energy  Consumptioii  in  Practice.  In  addition  to  data  shown 
elsewhere  (see  the  general  index),  the  following  are  results  from  a 
number  of  electric  car  tests  in  various  typical  services  as  noted. 

Net  Traction  Energy  Required  per  Seat  Mile,  Suburban 

Service,  Steam  and  Electricity 
(From  results  of  experimental  tests  at  Schenectady,  N.  Y., 
Arnold  and  Potter,  A.I.E.E.,  1902.) 


Number 

of  cars 

in  train* 

Leiigth 

of  run, 

feet 

Average 
speea, 

miles  per 
hour 

Total  weight  of 
train,  tons 

Net  energy    required 
per  passenger  mile, 
watt  hours 

Steam 

Electric 

Steam 

Electricity 

I 
2 
3 

4 
S 
6 

5360 
5360 
S3S0 

5490 
S370 
5380 

34.6 
34.6 
33- 1 

32.0 
30.6 
39.8 

130 

Z84 

211 

237 
264 

35. 7 
71. s 
94.  S 

118. 5 
148. 5 
I7S.5 

185.0 

loi.s 

76.4 

55. 4 
51.4 
43.1 

44.6 
44.6 
37.0 

32.3 

31.5 
29.2 

In  making  the  above  calculations,  a  capacity  of  65  passengers  per 
car  was  used. 

Suburban  Service.  The  set  of  tests  as  shown  below  was  on 
suburban  lines  in  New  England,  the  cars  being  equipped  with 
four  40-h.p.  motors: 


Weight  of  car,  pounds 


42.090 


42,090 


43.700 


42,090 


Length  of  run,  miles 

Schedule  speed,  inc.  stops,  miles  per  hour . . . . 
Average  speed,  exc.  stops,  miles  per  hour  . . . . 
Average  stops  per  mile 

Average  voltage  during  run 

Kilowatt  hours  per  car  mile  at  car 

Kilowatt  hours  per  car  mile  at  power  station 
Watt  hours  per  ton  mile  at  car 

Watt  hours  i>er  ton  mile  at  power  station 

Max.  starting  current  per  car,  amp 

Average  starting  current  per  car,  amp 


15.26 

10.10 

12.65 

4.78 

460.00 

2.94 

3.67 
X40.00 

175-00 
320.00 
177.00 


as.  72 
9.25 

12.50 
5.72 

480.00 
3.63 

4-54 
173- 00 

216.00 
300.00 
209.00 


16.68 

10.60 

12.60 

3.06 

480 . 00 
3  54 
4.23 

166.00 

199.00 
350.00 
221.00 


35.38 

I  A.  04 

10.40 

2.48 

488.00 
2.92 

3.59 
139.00 

171.00 
330.  00 
222.00 


Interurban  Service.  The  following  test  on  a  typical  New 
England  interurban  railway  is  divided  into  three  sections,  the  first 
and  last  being  in  the  terminal  cities.  The  car  weighed  53,000  lb. 
and  was  equipped  with  four  50-h.p.  motors: 

Length  of  run,  miles 3.06  31.16  3.83 

Average  stops  pa*  mile 1.62       0.80  3.92 

Schedule  speed,  inc.  stops,  miles  per    . 

hour 12.80  22.20  12.10 

Kilowatt  hours  per  car  mile. . . .-.  —       3.14       2 .48  3 . 50 

Watt  hours  per  ton  mile i tS .  00  94 .  00  132 .  00 

•  One-car  electric  train  consisted  of  one  motor  car.  Two- car  electric  train 
consisted  of  two  motor  cars.  Electric  trains  of  more  than  two  cars  con- 
sisted of  two  motor  cars  plus  trailers  to  make  the  total  number  of  cars  given 
in  the  table. 

In  all  cases  of  the  steam  train,  the  cars  were  hauled  by  a  107- ton  steam 
locomotive  designed  for  a  high  rate  of  acceleration. 
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City  Service.  Watt-hour  meter  readings  were  taken  in  Cleve- 
land on  thirteen  types  of  interurban  cars  and  thirteen  types  of 
city  cars.  The  weights  and  energy  consumption  (in  city  service) 
were  as  follows: 


Maximum 


Minimum 


Average 


Interurban  cars,  weight,  pounds 

Interurban  cars,  kilowatt  hours  per  car  mile 
Interurban  cars,  watt  hours  per  ton  mile. . 

City  cars,  weight,  pounds 

City  cars,  kilowatt  hours  per  car  mile. 

City  cars,  watt  hours  per  ton  mile 


77,320.00 

4. 55 

133 • 00 

46,580.00 

4.6s 

182.00 


50,840.00 

2.15 

75. 00 

27,700.00 

1.87 

52.00 


59.300 .  00 

2.90 

91.50 

37.800.00 

2.85 

126.60 


Low  Floor  Center  Entrance  Car.  (Elec.  Ry.  Journal,  191 2.) 
During  an  eight-day  test  of  the  Pittsburg  low  floor  car  on  one  line, 
the  average  energy  consumption  was  139  watt  hours  per  ton  mile  at 
a  schedule  speed  of  9.52  miles  per  hour  and  averaging  7  stops  per 
mile.  On  another  line  the  energy  consumption  by  the  same  car  was 
125.8  watt  hours  per  ton  mile  at  a  schedule  speed  of  9.72  miles  per 
hour  and  averaging  6.4  stops  per  mile. 

Hig^-speed  fiiteiurban  Service.  In  t3rpical  Indiana  interurban 
service,  with  cars  weighing  30  to  35  tons,  watt  hour  meter  readings 
for  an  entire  month  on  several  cars  show  80  to  90  watt  hours  per 
ton  mile  in  local  service  where  stops  average  one  per  mile,  and  about 
65  watt  hours  in  "limited"  service  where  stops  average  one  in  4 
miles.  These  figures  include  all  service  including  switching  around 
car  houses.  In  these  tests  the  four  motor  cars  used  about  6  per 
cent,  more  energy  per  ton  mile  than  the  two  motor  cars  in  the  same 
service. 

Gravel  Train  Service.  In  a  series  of  tests  in  gravel  train  work 
with  a  15-ton  motor  car  and  eight  gravel  cars  weighing  2\i  tons 
each  empty  and  1 1  tons  each  loaded,  and  with  hauls  ranging  from 
1.33  to  10.42  miles,  the  energy  consumption  ranged  from  30  to  40 
watt  hours  per  ton  mile  for  a  loaded  train  and  from  70  to  130  watt 
hours  per  ton  mile  for  an  empty  train. 

Energy  Consumed  in  Steam  Passenger  Service.  The  following 
values  of  energy  consumption  in  operation  by  steam  were  calculated 
from  the  results  of  tests  on  the  New  York,  New  Haven  and  Hart- 
ford Railroad  by  Mr.  W.  S.  Murray  (A.I.E.E.,  1907), 

Steam  Express  Passenger  Service:  34,9  watt  hours  per  ton  mile, 
indicated. 

Steam  Local  Express  Passenger  Service :  51.3  watt  hours  per  ton 
mile,  indicated. 

These  results  are  from  the  following: 


Express 

passenger 

service 


Local  express 

passenger 

service 


Mileage  of  locomotive  in  18  days 

Average  weight  of  trsdn,  tons,  including  locomo- 
tive and  passengers 

Total  horse-power  nours  for  18  days  of  locomotive 
in  revenue  service  based    on   average   horse 
power  between  Woodlawn  and  New  Haven. 


2.SS9.0 
527.1 

63,125.0 


2,623.0 
314.2 

56,800 .  o 
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CondUions  of  Test  "The  zone  over  which  the  test  was  con- 
ducted was  the  New  York  division  of  the  N.  Y.,  N.  H.  &  H.  R.  R. 
Co.  and  all  train  runs  had  specified  terminals  within  the  zone,  the 
mileages  of  which  are  measured."  ''The  engines  and  cars  included 
in  the  test  were  in  the  regular  log  of  the  mechanical  superintendent 
of  car  service,  with  measured  weights."  A  continuous  set  of  in- 
dicator diagrams  was  taken  for  the  runs  between  Woodlawn 
and  New  Haven.  In  this  process  six  diagrams,  lo  seconds  apart, 
were  taken  on  each  end  of  one  cylinder  in  a  period  of  2  minutes 
out  of  every  three.    Locomotives  used: 


Number  of 

Year 

Type 

locomotive 

built 

933 

1 90s 

K-4-A 

841 

190S 

G-4-A 

Local  express  passenger  service 

1258 

1903 

A-i 

1262 

1903 

A-i 

1271 

1896 

A-i 

1272 

1896 

A-I 

IS74 

1893 

C-is-A 

Relation  between  Conditions  of  Train  Operation  and  Energy 
Consamption.  Figs.  68, 69  and  70  from  a  paper  by  E.  H.  Anderson 
before  the  Am.  El.  Ry.  Eng.  Assn.,  Oct.  z6,  1906,  are  typical 
curves  showing  the  relation  between  length  of  run,  accelerating 
force  and  sch^ule  speed,  respectively,  and  energy  consumption. 
These  curves  were  constructed  for  one  single  truck  car  equipped 
with  two  GE-70  motors  operating  on  tangent  level  track  at  an 
assumed  train  resistance  of  20  lb.  per  ton. 

20 
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» 

1Vf«" 

.^ 

— ■ 

\ 

^ 

s^ 
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\y 

y' 

- 

y 

A 

X^ 

/ 

^ 

^ 

■52oj» 

£erj^ 

• 

^-jais 

■ — - 

— 

6      60 

400       80O      1200     1000     2000     2400     2800     3200     3600    4000 
*  Feet 

Pig.  68. — Example  of  relation  between  length  of  run  and  energy  consumption. 

Electric  jCar  Tests — ^Methods.    Special  tests  of  electric  car  or 
locomotive  equipment  may  be  made  from  time  to  time  for  the 
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purpose  of  obtaining  data  for  use  in  one  of  a  number  of  ways :  to 
determine  the  adequacy  of  motor  equipment,  to  determine  whether 
or  not  the  proper  gear  ratio  is  being  employed,  to  check  the  pro- 
portion ^of  resistance  taps  on  the  controller,  to  determine  the  possible 

schedule  speed  with  a 
given  equipment,  to 
check  trolley  feeders  or 
to  aid  in  the  design  of 
additional  feeder,  etc. 
Depending  upon  the 
purpose  for  which  the 
test  is  to  be  made,  the 
apparatus  used  and 
readings  taken  will 
vary,  but  will  probably 
include  many  if  not  all 
of  the  following: 


80      100     120     140     160      180 

Lb.  per  Ton  Accelerating  ITorce 


200 


Fig.  69.— Example  of  relation  between  ac- 
celerating force  and  energy  consumption. 

Continuous  Instantaneous  Readings : 

Voltage  on  line 

Current  per  car  . 

Voltage,  one  motor 

Current,  one  motor 

Speed  of  car 

Watts  input )  ^^^  alternating-current  equipments) 

Time  at  passing  fre- 
quent landmarks  such 
as  numbered  poles 

Time,  duration  and 
location  of  all  stops 

Time  of  various  con- 
troller movements 

Time  of  application 
and  release  of  brakes 
Readings  at  beginning 

and  end  of  testy  and  at 

intervals  during  test: 

Watt  hours,  meter  in 
motor  circuit 

Watt  hours,  meter  in 
auxiliary  circuits 

Watt  hours,  meter 
connected  for  field  loss 

Temperature,  by 
thermometer,  of  motor 
commutator,  armature 
and  field 


180 
160 

140 

■ 

»120 

100 

80 

1 

• 

/ 

/ 

A 

\y^r 

8  9  10        11         12 

Mi.  per  Hr.  Schedule  Speed 


18 


FtG.  70* — Example  of  relation  between  schedule 
speed  and  energy  consumption. 


Temperature  of  motor  armature  and  field  by  drop  of  potential. 

The  electrical  readings  of  current,  voltage,  etc.,  should  be  made 
on  instruments  which  are  as  "dead  beat"  as  possible  so  that  the 
motion  of  the  car  will  affect  the  position  of  the  instrument  pointer 
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to  a  minimum  extent.  If  readings  are  to  be  taken  from  indicating 
instruments,  there  should  be  one  observer  for  each  instrument, 
together  with  a  time  observer  who  should  give  signals  by  m^ans  of 
a  bell  or  whistle  at  intervals  of  from  2  to  10  seconds,  depending 
upon  conditions,  and  aU  instruments  should  be  read  and  readings 
noted  simultaneously  at  each  signal.  Readings  should  be  noted  on 
previously  prepared  paper  with  each  reading  consecutively  num- 
bered and  at  least  once  in  each  ten  readings  one  of  the  observers 
should  call  out  the  number  of  the  reading,  so  that  the  instantaneous 
readings  may  be  consistently  compared.  The  speed  of  a  car  may 
be  read  by  means  of  a  mechanical  tachometer  or  perhaps  prefer- 
ably from  an  electrical  tachometer  in  which  a  small  direct-current 
magneto  generator  is  belted,  geared  or  connected  by  flexible  shaft 
to  the  car  axle  and  calibrated  in  volts  per  mile  per  hour.  The 
exact  time  should  be  noted  at  passing  frequent  landmarks,  such  as 
numbered  poles,  so  that  in  the  later  working  up  of  results  profiles 
and  maps  may  be  consulted  to  determine  at  what  points  the  car 
encountered  curves  and  grades.  Readings  of  watt-hour  meters 
should  be  taken  at  beginning  and  end  of  tests  and  also  at  such  points 
where  the  schedule  speed  or  general  profile  of  the  line  materially 
change.  It  is  sometimes  convenient  to  connect  in  a  specially 
calibrated  watt-hour  meter  with  the  current  from  one  motor  through 
the  series  coils  and  the  potential  coils  connected  across  a  field  of 
the  same  motor.  This  watt-hour  meter  will  then  measure  the  watt- 
hour  loss  in  the  field  circuit  of  such  m6tor;  dividing  by  the  time  in 
hours  will  give  the  average  loss  in  that  field,  and  further  dividing 
by  the  resistance  of  the  field  and  extracting  the  square  root  of  the 
result  will  give  the  square  root  of  mean  squared  current  in  that 
motor,  this  being  what  is  commonly  known  as  the  '*  heating  cur- 
rent," which  may  be  compared  with  the  allowable  figure  for  the 
motor  under  test  (see  p.  234).  Observations  of  temperature  of  the 
various  parts  of  the  motor  are  usually  made  by  a  thermometer  and 
checked  by  the  drop  of  potential  method.     (Also  see  p.  234.) 

Routine  Tests.  It  is  sometimes  considered  advisable  either  as  a 
check  on  the  operations  of  the  motormen  or  as  a  check  on  the 
condition  of  the  equipment  to  equip  each  motor  car  with  some  sort  of 
a  meter  or  timing  device.  Those  most  commonly  in  use  are  the 
current  time  clock,  the  coasting  time  recorder,  ampere-hour  meter 
and  the  watt-hour  meter. 

Current  Time  Clotk.  This  device  consists  of  a  clock  movement 
which  operates  only  during  the  time  when  the  current  is  being  taken 
in  the  motor  circuit.  Readings  are  taken  as  each  motorman  goes 
on  and  off  duty.  Knowing  the  number  of  trips  made  by  motorman 
and  the  total  time  consumed  by  them,  the  percentage  of  the  total 
time  during  which  current  was  on  can  be  calculated  and  comparisons 
made  between  motormen. 

Coasting  Time  Recorder.  This  instrument  is  similar  to  the  cur- 
rent time  clock  except  that  it  records  the  time  during  which  the 
car  is  coasting.  Its  principle  is  based  on  the  fact  that  the  most 
economical  run  is  the  run  with  the  most  rapid  rate  of  acceleration 
and  with  braking  beginning  at  the  lowest  speed,  thus  making  the 
coasting  time  the  longest.    In  comparing  motormen  with  this 
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device  the  percentage  of  time  during  which  the  equipment  was 
coasting  is  reckoned,  the  desired  operation  being  that  in  which 
the  coasting  time  is  the  longest. 

Watt -hour  Meter.  Cars  are  equipped  with  a  portable  t3^pe  of 
watt-hour  meter  connected .  to  measure  the  energy  consumption 
in  the  motor  circuit.  Readings  are  taken  of  the  watt-hour  meter 
as  each  motorman  goes  on  and  off  duty  and  comparisons  between 
motormen  are  made  on  the  basis  of  kilowatt  hours  per  car  miie  or 
per  car  hour,  thus  arriving  directly  at  a  comparison  which  is  gotten 
at  indirectly  by  the  current  time  clock  or  coasting  time  recorder. 

Ampere-hour  Meter.  As  potential  circuits  of  watt-hour  meters 
are  likely  to  give  trouble,  especially  during  thunder  storms,  the 
ampere-hour  meter  has  been  used  as  a  check  on  energy  consump- 
tion and  gives  the  same  or  better  results  for  comparative  purposes 
as  the  watt  hour  meter,  readings  of  ampere  hours  being  reduced  to 
-ampere  hours  per  car  roile  or  per  car  hour  for  comparison. 

Checks  on  JSquipment  as  Well  as  on  Motormen.  The  devices 
described  above,  designed  primarily  as  a  check  on  the  operation  of 
the  controller  and  brake  by  motormen,  have  also  been  found  of 
value  by  companies  using  them  as  a  check  as  to  the  condition  of  the 
equipment  and  especially  as  an  indication  of  too  close  brake  adjust- 
ment. It  has  been  stated  that  on  some  roads  the  saving  in  energy 
resulting  from  the  use  of  one  or  another  of  such  devices  has  amounted 
to  from  lo  to  25  per  cent,  of  the  total. 


SECTION  IV 
RAILWAY  MOTORS 

Rating  and  Capacity  of  Railway  Motors,  A.LEX.  Standardiza- 
tion Rules,  19 14.  The  following  numbered  sections  (415  to  449, 
inclusive)  relative  to  the  rating  and  capacity  of  railway  motors  are 
from  the  A.I.E.E.  Standardization  Rules,  19 14: 

416).  Nominal  Rating.  The  nominal  rating  of  a  railway  motor 
shall  be  the  mechanical  output  at  the  car  or  locomotive  azle, 
measured  in  kilowatts,  which  causes  a  rise  of  temperature  above 
the  siuTounding  air,  by  thermometer,  not  exceeding  90  deg.  C. 
at  the  commutator,  and  75  deg.  C.  at  any  other  normally  ac- 
cessible part,  after  one  hour's  continuous  run  at  its  rated  voltage 
(and  frequency  in  the  case  of  an  alternating-current  motor)  on  a 
stand  with  the  motor  covers  arranged  to  seciure  maximum  venti- 
lation without  external  blower.  The  rise  in  temperature,  as 
measured  by  resistance,  shall  not  exceed  100  deg.  C.  * 

416.  The  statement  of  the  nominal  rating  shall  also  include 
the  corresponding  voltage  and  armature  speed. 

417.  Continuous  Rating.  The  continuous  ratings  of  a  railway 
motor  shall  be  the  inputs  in  amperes  at  which  it  may  be  operated 
continuously  at  ^,  %  and  full  voltage  respectively,  without  exceed- 
ing the  specified  temperature  rises  (see  §420),  when  operated  on 
stand  test  with  motor  covers  and  cooling  system,  if  any,  arranged 
as  in  service.  Inasmuch  as  the  same  motor  may  be  operated  under 
different  conditions  as  regards  ventilation,  it  will  be  necessary 
in  each  case  to  define  the  system  of  ventilation  which  is  used.  In 
case  motors  are  cooled  by  external  blowers,  the  volume  of  air  on 
which  the  rating  is  based  shall  be  given. 

418.  Maximum  Input.  The  subject  of  overloads  for  railway 
motors  is  under  investigation. 

Temperature  Limitations 

419.  The  allowable  temperature  in  any  part  of  a  motor  will  be 
governed  by  the  kind  of  material  with  which  that  part  is  insulated. 
In  view  of  space  limitations,  and  the  cost  of  canying  dead  weight 
on  cars,  it  is  considered  good  practice  to  operate  railway  motors 

*This  definition  differs  from  that  in  the  191 1  edition  of  the  Rules,  princi- 
pally hy  the  substitution  of  a  kilowatt  rating  for  the  horse-power  rating  and 
the  omission  of  a  reference  to  a  room  temperature  of  25  deg.  C.  The  horse- 
power rating  of  a  railway  motor  may,  for  practical  purposes,  be  taken  as  5i  of 
the  kilowatt  rating.  On  account  of  the  hitherto  prevailing  practice  of 
expressing  mechanical  output  in  horse-power,  it  is  recommended  that,  for 
the  present,  the  capacity  be  expressed  both  in  kilowatts  and  in  horse-power, 
a  double  rating,  namely, 

kw. approx.  equiv.  h.p.-  ■ 

In  order  to  lay  stress  upon  the  preferred  future  basis,  it  is  desirable  that  on 
rating  plates,  the  rating  in  kilowatts  shall  be  shown  in  larger  and  more 
prominent  characters  than  the  capacity  in  horse-power. 
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for  short  periods  at  higher  temperatures  than  would  be  advisable 
in  stationary  motors.     The  following  temperatures  are  permissible: 

Operating  Temperatures* 


Maximum  observable  temperature  of  windin^^s 
when  in  continuous  service 

Class  of 
materialt 

Short  periods 

Continuous 

By  ther- 
mometer 

By  resist- 
ance 

By  ther- 
mometer 

By  resist- 
ance 

A2 

B 

100 

IIS 

I2S 

I4S 

8S 

lOO 

no 
130 

*For  infrequent  occasions,  due  to  extreme  ambient  temperatures,  it  is  per- 
missible to  operate  at  15  deg.  higher  temperature. 

420.  With  a  view  to  not  exceeding  the  above  temperature  limi- 
tations the  continuous  ratings  shall  be  based  upon  the  tenqieiature 
rises  tabulated  below: 

Temperature  Rises  on  Stand  Test* 


Class  of  materialt 

Temperature  rises  of  windings 

By  thermometer 

By  resistance 

A2 
B 

65 
80 

85 
los 

421.  Field-control  Motors.  The  nominal  and  continuous  rat- 
ings of  field-control  motors  shall  relate  to  their  performance  with 

*  The  temperature  rise  in  service  may  be  very  different  from  that  on  stand 
test.  See  $440  for  relation  between  stand  test  and  service  temi>eratures,  as 
affected  by  ventilation. 

1 188.  Table  of  Hottest-spot  Temperatures  and  of  Corresponding  Permis- 
sible Temperature  Rises. 


Class 

Description  of  insulation 

Highest  per- 
missible tem- 
peratures for 
hottest  spot 

Highest  per- 
missible tem- 
perature rise 
of  hottest 
spot  above 
40  deg.  for  the 

purpose  of 
fixing  the  In- 
stitute rating 

Ai 

Cotton,  silk,  paper  and  other  fibrous 
materials,  not  so  treated  as  to  increase 
the  thermal  limit. 

9S  deg.  C. 

55  deg.  C. 

h2 

Similar  to  Ai,  but  treated    or  impreg- 
nated and  including  enameled  wire. 

105  deg.  C. 

65  deg.  C. 

B 

Mica,  asbestos  or  other  material  cap- 
able of  resisting  high  temperatures,  in 
which  any  Class  A  material  or  binder, 
if  used,  is  for  structural  purposes  only, 
and  may  be  destroyed  without  im- 
pairing the  insulating  or  mechanical 
qualities. 

125  deg.  C. 

85  deg.  C. 

C 

Fireproof  and  refractory  materials 

No  limits 

1  specified 
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the  operating  field  which  gives  the  maximum  motor  rating.  Each 
section  of  the  field  windings  shall  be  adequate  to  perform  the  ser- 
vice required  of  it,  without  exceeding  the  specified  temperature 
rises. 

Characteristic  Ctures 

422.  The  characteristic  curves  of  railway  motors  shall  be  plotted 
with  the  current  as  abscissas  and  the  tractive  effort,  speed  and 
efficiency  as  ordinates.  In  the  case  of  alternating-current  mo- 
tors, the  power  factor  values  shall  also  be  plotted  as  ordinates. 

423.  Characteristic  curves  of  direct-current  motors  shall  be 
based  upon  full  voltage,  which  shall  be  taken  as  6oo  volts,  or  a 
multiple  thereof. 

424.  In  the  case  of  field-control  motors,  characteristic  curves 
shall  be  given  for  all  operating  field  connections. 

Efficiency  and  Losses 

426.  The  efficiency  of  railway  motors  shall  be  deduced  from  a 
determination  of  the  losses  enumerated  in  §§426, 427, 428, 429  and 
430.     (See  also  §§436  and  437.) 

426.  The  copper  loss  shall  be  determined  from  resistance 
measurements  corrected  to  75  deg.  C. 

427.  The  no-load  core  loss,  Imic^  friction,  armature  bearing 
friction  and  windage  shall  be  determined  as  a  total  under  the 
following  conditions: 

In  making  the  test,  the  motor  shall  be  run  without  gears. 
The  kind  of  brushes  and  the  brush  pressure  shall  be  the  same 
as  in  commercial  service.  With  the  field  separately  excited,  such 
a  voltage  shall  be  applied  to  the  armature  terminals  as  will  give 
the  same  speed  for  any  given  field  current  as  is  obtained  with  that 
field  current  when  operating  at  nonnal  voltage  under  load.  The 
sum  of  the  losses  above  mentioned  is  equal  to  the  product  of  the 
counter-electromotive  force  and  the  armature  current. 

428.  The  core  loss  in  d.  c.  motors  shall  be  separated  from  the 
friction  and  Windage  losses  above  described  by  measuring  the 
power  required  to  drive  the  motor  at  any  given  speed  without 
gears,  by  running  it  as  a  series  motor  on  low  voltage  and  deducting 
this  loss  from  the  siun  of  the  no-load  losses  at  corresponding  speed. 
(See  §437  for  alternative  method.) 

The  friction  and  windage  losses  under  load  shall  be  assumed  to 
be  the  same  as  without  load,  at  the  same  speed. 
The  core  loss  under  load  shall  be  assumed  as  follows: 


Per  cent,  of  input  at 

Loss  as  per  cent,  of  no-load 

nominal  rating 

core  loss 

200 

16s 

ISO 

14s 

100 

130 

75 

12s 

50 

123 

25  and  under 

122 

NoTS:  With  motors  designed  for  field  control  the  core  losses  shall  be 
assumed  as  the  same  for  both  full  and  permanent  field.  It  shall  be  the  mean 
between  the  no-load  losses  at  full  and  permanent  field  increased  by  the  per- 
centages given  in  the  above  table. 
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429.  The  brush  contact  resistance  loss  to  be  used  in  determimng 
the  efficiency  may  be  obtained  by  assuming  that  the  sum  of  the 
drops  at  the  contact  surfaces  of  the  positive  and  negative  brushes 
is  three  volts. 

430.  The  loss  in  gearing  and  axle  bearings  for  single-reduction 
single-geared  motors  varies  with  type,  mechanical  finish,  age  and 
lubrication.  The  following  values,  based  on  accumulated  tests, 
shall  be  used  in  the  comparison  of  motors: 

Losses  in  Axle  Bearings  and  Single-reduction  Gearings 


Per  cent.  o|  input  at  nominal  rating 

Losses  as  per  cent,  of  input 

200 

35 

ISO 

3.0 

125 

2.7 

100 

z.S 

7S 

2.5 

6o 

2.7 

50 

32 

40 

v, 

30 

25 

8.5 

436.  In  comparing  projected  motors  and  in  case  it  is  not  possible 
or  desirable  to  make  tests  to  determine  mechanical  losses,  the  follow- 
ing values  of  these  losses,  determined  from  the  averages  of  many 
tests  over  a  wide  range  of  sizes  of  single-reduction  dngle-geared 
motors,  will  be  found  useful,  as  approximations^  They  include 
axle-bearing,  gear  losses,  armature  bearing,  brush-friction,  windage, 
and  stray  load  losses. 


Per  cent,  of  input  at  nominal  rating 

Losses  as  per  cent,  of  input 

100  or  over 

5.0 

75 
60 

50 

5.0 
53 
6.5    . 

40 
30 
25 

8.8 

13.3 
17.0 

437.  The  core  loss  of  railway  motors  is  sometimes  determined 
by  separately  exciting  the  field  and  driving  the  armature  of  the 
motor  to  be  tested  by  a  separate  motor  having  known  losses 
and  noting  the  differences  in  losses  between  driving  the  motor  light 
at  various  speeds  and  driving  it  with  various  field  excitations. 

438.  Selection  of  Motor  For  Specified  Service. 

The  following  information  relative  to  the  service  to  be  performed 
is  requiied  in  order  that  an  appropriate  motor  may  be  selected. 

(a)  Weight  of  total  number  of  cars  in  train  (in  tons  of  2000  lb.) 
exclusive  of  electrical  equipment  and  load 

(b)  Average  weight  of  load  and  durations  of  same,  and  maxi- 
mum weight  of  load  and  durations  of  same 

(c)  Number  of  motor  cars  or  locomotives  in  train,  and  number 
of  trail  cars  in  train 

(d)  Diameter  of  driving  wheels 

(e)  Weight  on  driving  wheels,  exclusive  of  electrical  equipment 
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(/)  Number  of  motors  per  motor  car 

(g)  Voltage  at  train  with  power  on  the  motors — average,  maxi- 
mum and  minimum 

(h)  Rate  of  acceleration  in  m.p.h.  per  second 

(i)  Rate  of  braking  (retardation  in  m.p.h.  per  second) 
j)  Speed  limitations,  if  any  (including  slowdowns) 
t)  Distances  between  stations 

(t)  Duration  of  station  stops 

(m)  Schedule  speed  including  station  stops  in  m.p.h. 

(»)  Train  resistance  in  pounds  per  ton  of  2000  lb.  at  stated 
speeds 

(0)  Moment  of  inertia  of  revolving  parts,  exclusive  of  electrical 
equipment 

(p)  Pronle  and  alinement  of  track 

\q)  Distance  coasted  as  a  per  cent,  of  the  distance  between 
station  stops 

(f)  Time  of  lay  over  at  end  of  run,  if  any. 

439.  Stand  Test  Method  of  Comparing  Motor  Capacity  with 
Service  Requirements.  When  it  is  not  convenient  to  test  motors 
under  actual  specific  service  conditions,  recourse  may  be  had  to  the 
fdlowing  method  of  determining  temperature  rise. 

440.  The  essential  motor  losses  affecting  temperatures  in  service 
are  those  in  the  motor  windings,  core  and  commutator.  The  mean 
service  conditions  may  be  expressed  as  a  close  approximation,  in 
terms  of  that  continuous  current  and  core  loss  which  will  produce 
the  same  losses  and  distribution  of  losses  as  the  average  in  service. 

A  stand  test,  with  the  current  and  voltage  which  will  give 
losses  equal  to  those  in  service,  will  determine  whether  the  motor  has 
sufficient  capacity  to  meet  the  service  requirements.  In  service,  the 
temperature  of  an  enclosed  motor  (§97),*  well  exposed  to  the 
draught  of  air  incident  to  a  moving  car  or  locomotive,  will  be  from 
75  to  90  per  cent,  (depending  upon  the  character  of  the  service)  of 
the  temperature  rise  obtained  on  a  stand  test  with  the  motor 
completely  enclosed  and  with  the  same  losses.  With  a  ventilated 
motor  (§§98  and  100),*  the  temperature  rise  in  service  will  be  90  to 
100  per  cent,  of  the  temperature  rise  obtained  on  a  stand  test  with 
the  same  losses. 

441.  In  making  a  stand  test  to  determine  the  temperature  rise  in  a 
spedfic  service,  it  is  essential  in  the  case  of  a  self-ventilated  motor 
(§10(^),*  to  run  the  armature  at  a  speed  which  corresponds  to  the 
sdicxiule  speed  in  service.  In  order  to  obtain  this  speed  it  may 
be  necessary,  while  maintaining  the  same  total  armature  losses, 
to  change  somewhat  the  ratio  between  the  I*R  and  core  loss 
components. 

*9T.  An  "enclosed"  machine  is  so'completely  enclosed  b^  integral  or  aux- 
iliary covers  as  to  prevent  a  circulation  of  air  between  the  inside  and  outside 
ol  its  case,  but  not  sufficiently  tight  to  be  termed  air-tight. 

•8.  A  **  separately  ventilated"  machine  has  its  ventilating  air  supplied 
by  an  independent  fan  or  blower  external  to  the  machine. 

100.  A  ''self-ventilated"  machine  is  a  semi-enclosed  machine,  differing 
from  a  separately  ventilated  machine  only  in  having  its  ventilating  air  circu- 
lated by  a  fan.  blower,  or  centrifugal  device  integral  with  the  machine. 

If  the  heated  air  e?cpelled  from  the  machine  is  conveyed  away  through  a 
pipe  attached  to  the  machine,  this  should  be  so  stated. 
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442.  Calculation  for  Compaiiiig  Motor  Capacity  with  Service 
Requirements.  The  heating  of  a  motor  should  be  determined, 
wherever  possible,  by  testing  it  in  service,  or  with  an  equivalent 
duty  cycle.  When  the  service  or  equivalent  duty  cycle  tests  are 
not  practicable,  the  ratings  of  the  motor  may  be  utilized  as  follows 
to  determine  its  temperature  rise. 

443.  The  motor  losses  which  affect  the  heating  of  the  windings 
are  as  stated  above,  those  in  the  windings  and  in  the  core.  The 
former  are  proportional  to  the  square  of  the  current.  The  latter 
vary  with  the  voltage  and  current,  according  to  curves  which  can 
be  supplied  by  the  manufacturers.  The  procedure  is  therefore  as 
follows: 

444.  (a)  Plot  a  time-current  curve  and  a  time-voltage  curve  for 
the  duty  cycle  which  the  motor  is  to  perform,  and  calculate  from 
these  the  root  mean-square  current  and  the  equivalent  voltage 
which  with  r.m.s.  current  will  produce  the  average  core  loss. 

446.  (b)  If  the  calculated  r.m.s.  service  current  exceeds  the 
continuous  rating,  when  run  with  average  service  core  loss  and 
speed,  the  motor  is  not  sufficiently  powerful  for  the  duty  cycle 
contemplated. 

446.  (c)  If  the  calculated  r.m.s.  service  current  does  not  exceed 
the  continuous  rating,  when  run  with  average  service  core  loss 
and  speed,  the  motor  is  ordinarily  suitable  for  the  service.  In  some 
cases,  however,  it  may  not  have  sufficient  thermal  capacity  to  avcnd 
excessive  temperature  rises  during  the  periods  of  heavy  load. 
In  such  cases  a  further  calculation  is  requireid,  the  first  step  of  which 
is  to  calculate  the  temperature  rise  .due  to  the  r.m.s.  service  cur- 
rent, and  equivalent  voltage. 

yo      X  ^v  ij/oo,  i^»y.  j^^^^  servicc  voltage. 

Pe  ==  core  loss,  kw.       J  ** 

T  —  temperature  rise  \  with    continuous   load  current    corre- 
Po  =  I^R  loss,  kw.        \  spending    to  the    equivalent    service 
Ve  =  core  loss,  kw.      J  voltage. 
Then 

t  -  T  ^-^t* '  approximately. 

"q  "T   "c 

447.  (i)  The  thermal  capacity  of  a  motor  is  approximately 
measured  by  a  coefficient  equal  to  the  ratio  of  the  electrical  loss  in 
kw.  at  its  nominal  (i-hour)  capacity,  to  the  corresponding  maxi- 
mmn  observable  temperature  rise. 

448.  (e)  Consider  any  period  of  peak  load  and  determine  the 
electrical  losses  in  kilowatt  hours  during  that  period  from  the 
electrical  efficiency  curve.  Find  the  excess  of  the  above  losses  over 
the  losses  with  r.m.s.  service  current  and  equivalent  voltage.  The 
excess  loss  divided  by  the  coefficient  of  thermal  capacity  will  equal 
the  extra  temperature  rise  due  to  the  peak  load.  This  temperature 
rise  added  to  that  due  to  the  r.m.s.  service  current,  and  equiva- 
lent voltage,  gives  the  total  temperature  rise.  If  the  total  tem- 
perature rise  in  any  such  period  exceeds  the  safe  limit,  the  motor 
is  not  sufficiently  powerful  for  the  service. 
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449.  (/)  If  the  temperature  reached  due  to  the  peak  loads  does 
not  exceed  the  safe  limit,  the  motor  may  yet  be  imsuitable  for  the 
service,  as  the  peak  loads  may  cause  excessive  sparking  and  danger- 
ous mechanical  stresses.  It  is,  therefore,  necessary  to  compare  the 
peak  loads  with  the  short-period  overload  capacity.  If  the  peaks 
are  also  within  the  capacity  of  the  motor,  it  may  be  considered 
suitable  for  the  given  duty  cycle. 

Meihod  of  Approximating  the  Kominal  Rating  of  a  Motor  Neces- 
sary for  a  Given  Service.  If  the  motor  selected  to  move  its  portion 
of  Uie  weight  of  the  train  be  of  too  great  capacity  it  may  operate 
at  an  efficiency  disad- 

96 


vantage,  moreover   an 
added    expenditure    of 
energy  will  be  caused  iii 
transporting  its  surplus 
weight,  and  due  to  this 
surplus  weight,  a  part 
of  which  is  generally  not 
spring  borne,  there  will 
result   an   increase    in 
expense    of   truck  and    x 
tra(^  maintenance.    If,    S 
on  the  other  hand,  the    8  22 
motor  selected  be  of  too   ^  ^q 
small  capacity  it  may    «» 
heat   excessively,  com-   §  is 
mutation   may   be  de-    £ 
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fective,  or  possibly  the    g 
torque   will  be  insuffi-   S 
dent   to  afford  the  re- 
quired rate  of  accelera- 
tion or  to  maintain  the 
desired  schedule. 

Curves  for  Prelimi-.  | 
nary  Motor  Rating  ~ 
Selection.  Fig.  i 
shows  empirical  curves 
from  a  paper  by  Mr.  F. 
W.  Carter,  Institution 
of  Electrical  Engineers, 
1906.  These  curves 
may  be  used  for  the 
preliminary  selection  of  a 
motor  of  proper  rating. 

In  obtaimng  these  curves,  the  characteristics  of  a  normal  railway 
motor  were  taken,  and  from  them  was  deduced  a  set  of  train 
characteristics,  corresponding  to  different  rates  of  acceleration  and 
different  ranges  of  speed-curve  running,  care  being  taken  that  the 
motor  was  always  employed  as  it  actually  would  be  in  normal 
suburban  service.  To  allow  for  the  inertia  of  rotating  parts  the 
effective  weight  of  t|ie  train  was  taken  as  8  per  cent,  .in  excess  of 
the  actual iieeight .    Coasting  was  assumed  to  occupy  1 7H  per  cent. 


Sohied  speed.  (M.P.H.)  X  Vstops  per  mile 

Fig.  I. — Curves  for  the  preliminary  determi- 
nation of  required  horse-power  rating  of  direct- 
current  motor. 
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of  the  total  running  time.  The  average  rate  of  braking  was  taken 
at  1.75  miles  per  hour  per  second.  For  train  resistance,  constant 
figures  of  13  lb.  per  ton  while  power  is  on  and  15  lb.  per  ton  dur- 
ing coasting  were  assumed,  it  being  impracticable  to  allow  these 
figures  to  vary  with  the  speed.  The  rated  motor  horse-power  re- 
quired for  the  train  will  then  be  approximately  equal  to  the  value 

"Horse-power  per  ton  weight  of  train,  X  Vstops  per  mile"  (obtained 

from  the  curve)  divided  by\/stops  per  mile~and  multiplied  by  the 
number  of  tons  weight  of  train. 

In  the  following  is  outlined  a  method  of  selecting  a  motor  to  be 
first  considered  in  deciding  on  a  motor  for  a  given  service.  The 
motor  thus  selected  may  not  be  the  one  best  suited  for  the  particular 
service,  but  its  use  in  plotting  preliminary  run  curves  wiU  give 
a  start  toward  making  a  more  accurate  selection  of  a  motor  to  be 
finally  investigated  for  capacity  as  limited  by  heating.  Briefly 
the  method  is  as  follows:  First,  approximate  both  the  value  of  power 
required  to  propel  the  train  and  the  current  flowing  at  the  end  of 
the  straight  line  acceleration  period  on  a  typical  run  of  the  service 
to  be  supplied  by  the  motor.  Then  select  the  motor  whose 
nominal  rating  (see  A.I.E.E.  Standardization  Rules,  page  221)  is 
nearest  these  approximate  values  of  power  required  and  current 
flowing.    These  values  are  given  by  the  following  formulas: 

p  ^  WTS  X  1.467X745-6 
nX  SSoX  1000 

«  ^^'^  ^  0002 WTS 
500  n  n 

p   ^WTS  ^0.00267  WTS 
*      375 »  » 

/  =  —ffp —  for  direct  current 

2WTS ,       .    ,      u 
=     jj.„    for  single  phase 

in  which 

P  =  nominal  rating  of  motor  according  to  A.I.E.E. 
Standardization  Rules,  1914,  kilowatts 

T,,     ^      ^,  .      ,.        WTS       ,  o,oo2WTS 

Note:    The  approximations  -' and are  conven- 

500  n  n 

lent   and   sufficiently   accurate   for  most    practical    work.    The 

,  WTS       ,  o.ooigg  WTS  ..    ,  " 

true  values  are and  ^^ ,  respectively 

503  n  n 

Pi  ™  nominal  rating  of  motor  according  to  A.I.E.E. 
Standardization  Rules,  1914,  horse-power 
/  =  nominal  current  per  motor  at  output  P,  amperes 
n  =  number  of  similar  motors  driving  train 
W  =  total  weight  of  train  (including  load  and  motors), 

tons 
T  =  approximate  total  tractive  ^ort  required  at  the 
driving  wheel  treads  of  the  train  during  straight 
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line  acceleration,  at  the  end  of  straight  line  accelera- 
tion period,  pounds  per  ton 

+  /  +  C  ±  G)  for  grades  and  curves 


o.oiogSiC 

A  • 

+  f)  on  tangent  level  track 


-( 

\0.01098A' 

in  which   A  «  rate  of  straight  line  acceleration,  miles  per  hour 

per  second 

K  »  approximate  ratio  of  linear  inertia  to  total  inertia 
of  train  (see  page  172).  Unless  more  definitely 
known,  the  value  of  K  may  be  taken  to  be  0.90 
for  a  trial 

C  »  track  curve  resistance  (see  p.  169),  pounds  per  ton 
weight  of  train 

G  »  track  grade  resistance  (see  p.  170),  pounds  per  ton 
weight  of  train 

/  B  approximate  train  resistance  (see  p.  147)  at  the  end 
of  straight  line  acceleration  (at  speed  S,  which  see 
below),  pounds  per  ton  weight  of  train«  Unless 
more  definitely  known,  the  value  of  /  may,  for  trial, 
be  taken  to  be  15  lb.  per  ton  weight  of  train 

S  »  speed  of  train  at  end  of  straight  line  acceleration 
period  of  typical  run  on  section  over  which  motor 
IS  to  operate,  miles  per  hour.  If  the  value  of  S  is  not 
known  it  may,  for  trial,  be  taken  to  be  60  per  cent, 
of  the  maximum  speed  attained  during  the  tyi»cal 
run.  If  the  maximum  speed  attained  during  the 
t3rpical  run  is  not  known,  the  value  of  S  may  be 
approximated  by  the  following  process:  Let  L  « 
the  length  of  the  t3rpical  run,  miles;  and  let 
f  B  time  the  train  is  in  motion,  seconds  from 
start  to  stop.  From  Fig.  60  (p.  193)  find 
the  maximum  speed  S'  attained   by  making   a 

I -mile  run  in  —y=  seconds  with   a  gross  tractive 

effort  T  (whose  value  is  given  above).  Then  the 
required  approximate  speed  of  train,  at  the  end  of 

the  straight  line  acceleration  period,  S  ^  S'  m  \/L 
in  which  m  =  ratio  of  speed  of  train  at  end  of 
straight  line  acceleration  period  of  typical  run  to 
maximum  speed  attained  oy  the  train  during  the 
t3rpical  run.  The  value  of  m  is  fixed  by  experience, 
but  for  a  trial  it  may  be  taken  to  be  0.6 

U  ■*  approximate  full  load  efi^dency  of  motor  decimally 
expressed.  Its  value  may  be  taken  as  that  of  the 
motor  which  it  is  suspected  may  be  used,  or,  for 
trial,  it  may  be  taken  to  be  0.85 

E  »  electromotive  force  applied  to  motors  at  end  of 
straight  line  acceleration  period  of  typical  run,  volts. 
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(It  is  assumed  that  all  motors  will  be  subjected  to 
the  same  electromotive  force  at  the  end  of  the 
straight  line  acceleration  period.)  If,  in  direct- 
current  operation,  the  motors  are  all  in  parallel  and 
have  no  resistance  in  series  with  them,  this  is  the 
trolley  or  third  rail*  potential  at  the  car 
j  =  power  factor  of  motor  at  nominal  rated  load.  It 
may  be  that  for  the  motor  which  it  is  suspected 
may  be  used,  or,  for  trial,  its  value  may  be  taken 
to  be  0.90. 

The  available  motor  having  a  nominal  rating  (see  A.I.E.E., 
Standardization  Rules,  p.  221)  nearest  the  above  value  ofP  at  the 
above  current  /  and  the  electromotive  force  E  may  then  be  selected 
as  the  first  motor  to  be  tried  in  furthering  the  investigation.  The 
next  step  is  to  construct  the  speed-time  curve  for  the  train  and 
the  current  per  motor  time  curve  (see  Run  Curves,  p.  177) 
with  the  motor  selected  for  trial.  If  the  nominal  rated  full  load 
current  gives  a  value  of  tractive  effort  greater  than  is  necessary 
for  the  required  rate  of  straight  line  acceleration  a  smaller  motor  or 
a  lower  gear  ratio  should  be  tried.  If,  on  the  other  hand,  the 
nominal  rated  full  load  current  gives  a  value  of  tractive  effort  less 
than  is  necessary  for  the  required  rate  of  straight  line  acceleration, 
a  larger  motor  or  a  higher  gear  ratio  should  be  tried.  Whether 
the  motor  or  gear  ratio  or  both  should  be  changed  is  a  matter  to 
be  decided  on  the  proportion  of  the  required  tractive  effort  that  the 
full  load  tractive  effort  is  in  excess  or  lacking,  and  the  rating  of  the 
motors  available.  Except  for  capacity  as  limited  by  heating,  the 
suitability  of  the  motor  and  gear  ratio  selected  will  be  indicate  on 
the  plotting  of  the  entire  speed-time  curve.  The  highest  gear  ratio 
(lowest  speed  gear)  with  which  the  run  can  be  made  in  the  required 
time  will  generally  bring  about  the  coolest  motor  operation  and  the 
least  energy  consumption  per  car  mile.  It  is  conmion  practice, 
however,  to  make  the  selection  so  that,  in  order  to  compensate 
for  incidental  delays,  the  train  can  make  the  run  in  about  10  per 
cent,  less  than  the  schedule  time.  Ordinary  rush  hour  loads  will 
thus  be  provided  for.  The  heavier  rush  hour  loads  or  trailer  service 
during  a  portion  of  the  time  of  operation  must  be  provided  for  by 
selecting  a  larger  motor  than  is  necessary  for  the  ordinary  service, 
or  by  depending  upon  a  possible  overload  capacity  of  tie  motor 
if  this  overload  endures  only  for  a  period  permissible  by  the  heating 
capacity  of  the  motor. 

The  capacity  of  a  motor  which  is  sufficiently  strong  mechanically 
and  will  commutate  satisfactorily  is  limited  by  the  heating  of  the 
motor  by  -the  energy  dissipated  as  losses.  Therefore,  a  study  of 
the  motor  and  gear  ratio  must  be  made  with  regard  to  motor  heating 
by  making  a  comparison  with  the  service  requirements. 

Details  of  Indirect  Methods  of  Comparison  of  Motor  Capacity  with 

Service  Reqturements 

Method  by  Continuous  Capacity  of  Motor.  The  method  out- 
lined in  the  following,  of  investigating  to  determine  whether  ornot 
the  capacity  of  a  given  motor  equipment  is  sufficient  for  a  given 
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service  is  due  to  Mr.  N.  W.  Storer,  Street  Railway  Journal,  1901, 
and  Electric  Journal,  1908.  The  method  consists  in  running  the 
motor  on  a  testing  stand  at  such  values  of  current  and  voltage  that 
the  windings  losses  and  core  losses  resulting  will  be  equal  to  the 
average  windings  losses  and  core  losses  of  the  motor  in  actual  service. 
(See  Par.  420,  p.  222.)  The  motor  temperatures  reached  during 
the  test  are  noted.  These  values  of  current  and  voltage  are  called 
"equivalent  heating  current"  and  "equivalent  voltage,"  respec- 
tively and  may  be  obtained  as  indicated  in  the  following: 

Equivalent  Heating  Current  This  is  the  value  of  the  current 
which  during  the  total  time  of  the  run  (including  accelerating, 
coasting,  braking  and  stop  periods)  would  cause  a  total  energy  loss 
in  the  windings  equal  to  that  for  the  run.  (Also  see  under  Equiva- 
lent Voltage,  p.  232.)  It  is  equal  to  the  square  root  of  the  average 
square  of  the  current  throughout  the  run.  If  the  abscissa  of  each 
of  several  points  of  the  curve  of  amperes  per  motor  plotted  with 
time  as  abscissas  (see  Fig.  2)  be  squared  and  the  values  of  these 
squares  be  plotted  and  the  successive  points  thus  found,  connected, 
a  curve  of  (current)*  values  will  result.    The  "equivalent  heating 

'  I A  it 

current"  will  then  be  equal  to  \/-=-  in  which 

A  =  area  under  (current)'  curve,  square  units 
t  ~  the  number  of  seconds  represented  by  each  unit 

abscissa 
i  ~  the  number  of  amperes  represented  by  each  unit 
ordinate 
(Note:  units  used  in  A,t  and  i  are  the  same.) 

T  —  total  time  of  run  (siun  of  accelerating,  coasting, 
braking  and  stop  periods)  seconds. 

H 


e 


m        o        m 
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ifloo  aoo  10 


100 

Seconds 
Fig.  2. — Typical  curves  of  speed,  current,  voltage  and  core  loss. 

Core  Loss  Curve.  The  loss  represented  by  the  abscissa  of  any 
point  on  the  core  loss  curve  is  equal  to  the  core  loss  in  the  motor 
due  to  the  voltage  applied  to  and  the  current  flowing  in  the  motor 
at  that  instant.  These  values  of  voltage,  current  and  core  loss  may 
be  obtained  from  the  volts  per  motor  and  current  per  motor  curves, 
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respectively,  for  the  equipment  and  run  (see  Fig.  2)  and  the  core 
loss  curves  (plotted  in  terms  of  power  and  voltage)  for  the  motor 
(Fig.  3  is  typical).    As  an  example  of  the  method  of  plotting  a  point 

on  the  core  loss 
curve,  suppose  it 
is  desired  to  find 
the  point  of  the 
core  loss  curve  at 
20  seconds  from 
the  start  of  the 
run.  From  the 
current  per  mo- 
tor and  the  volts 
per  motor  curves 
(Fig.  2)  it  is 
found  that  at  20 
seconds  from  the 
start  of  the  run 
there  are  69  am- 
peres and  500 
volts  per  motor. 
Entering  Fig.  3 
at  the  500-volt 
point,  the  core  loss  corresponding  to  69  amperes  is  found  to  be  900 
watts;  poo  watts  plotted  at  the  20-second  point  will  be  the  desired 
point  of  the  core  loss  curve. 
Average  Core  Loss.    The  value  of  the  average  core  loss  is 

Aitp 


800 
Yolks 

Fig.  3.— Typical  core  loss  curves. 


in  which  ^li  =  area  under  core  loss  curve,  square  units 

t  ~  number  of  seconds  represented  by  each  unit  abscissa 
p  =  the  number  of  watts  represented  by  each  unit 
ordinate 
(Note:  units  used  in  Ai^t  and  p  are  the  same.) 

T  =  total  time  of  run  (sum  of  accelerating,  coasting, 
braking  and  stop  periods),  seconds. 

Equivalent  Voltage.  The  equivalent  voltage  is  that  voltage 
which  with  the  equivalent  heating  current  (see  p.  231)  gives  the 
average  core  loss  (see  above).  Its  value  may  be  obtained  from  the 
core  loss  curves  for  the  particular  nlotor  (see  Fig.  3).  Relative  to 
500-volt  motors,  Mr.  N.  W.  Storer  has  stated  that  calculations  and 
tests  show  that  an  equivalent  voltage  of  300  will  cover  average 
conditions  in  city  service  and  that  where  there  are  few  stops  such 
as  in  interurban  service,  an  equivalent  voltage  of  400  will  suffice. 

Discussion  of  Continuous  Capacity  Method.  The  internal 
ventilation  in  service  and  on  the  testing  stand  is  practically  the 
same,  therefore  the  internal  interchange  of  heat  is  practically  the 
same  in  both  cases.  Due  to  difference  in  ventilation  affecting  ex- 
ternal radiation  the  motor  will  run  cooler  in  service  than  on  the 
testing  stand. ^  The  extent  to  which  this  is  so  depends  upon  air 
temperature,  its  velocity  and  circulation  over  the  radiating  sur- 
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faces,  the  schedule  speed  of  the  train  and  the  length  of  stop  during 
which  (in  still  air)  tnQ  heat  is  radiated  as  in  the  stand  test.  (See 
Par.  420,  p.  222  and  Par.  440,  p.  225.) 

C  omparison  of  Motor  Capacity  by  Losses.  It  has  been  proposed 
to  compare  motor  capacities  by  comparing  the  energy  losses  per  imit 
weight  of  motor.  This  method  is  of  little  value  and  it  may,  in  some 
cases,  be  misleading  because  the  heating  of  a  motor  depends  upon 
the  dissipation  of  the  energy  of  loss  rather  than  the  magnitude  of 
the  losses.  Thus,  of  two  motors  having  the  same  weight,  rating 
and  efficiency,  the  better  ventilated  will  run  the  cooler. 

Load-time  Curve.  (See  Fig.  4  for  specimen  curves.)  A  load- 
time  curve  for  a  given  motor  indicates  the  time  during  which  a 
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Fig.  4. — Railway  motor  characteristic  curves  showine;  load-time  curves. 
(35  h.p.,  500  volts,  pinion  18,  gear  66,  ratio  3.66,  wbeels  33  in.) 

certain  value  of  current  flowing  in  the  motor,  in  air  of  a  certain 
temperature  will  raise  the  temperature  of  the  motor  a  certain 
amoimt  from  some  other  value  of  temperature.  Two  temperature 
ranges  are  most  commonly  taken  for  load-time  curves,  namely, 
(a)  75  deg.  C.  rise  from  a  temperature  of  25  deg.  C.  and  (i) 
20  deg.  C.  rise  from  a  temperature  of  75  deg.  C.  (the  tempera- 
ture of  the  surrounding  air  being  25  deg.  C.  in  both  cases).  The 
former  (75  deg.  C.  rise  from  a  temperature  of  25  deg.  C.) 
at  its  60-minute  point  indicates  the  nominal  rating  of  the  motor. 
This  curve  also  shows  the  length  of  time  the  motor  may  safely  carry 
any  current  at  the  rated  voltage.  It  also  shows  the  shortest  time 
during  which  the  equivalent  heating  current  (see  p.  231)  may  be 
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allowed  to  reach  any  value  at  the  rated  voltage.  The  latter 
curve  (20  deg.  C.  rise  from  a  temperature  of  75  deg.  C.)  by 
its  vertical  portion  indicates  the  value  of  current  the  motor  may 
carry  constantly  with  its  temperature  at  75  deg.  C.  This  curve 
also  shows  the  length  of  time  during  which  any  current  will  raise  the 
temperature  of  the  motor  to  a  value  of  20  deg.  C.  above  75 
deg.  C. 

Measurements  in  Service  Tests. 

Current. — The  current  taken  by  a  motor  in  a  service  test  may  be 
most  conveniently  determined  by  means  of  a  recording  ammeter 

in  the  motor  circuit.  An  indicating 
ir«Hhoi»  ifttar  ammeter  may  be  used  by  taking  peri- 
odic  readings  and  recording  the  time 
of  each  reading.  If  only  the  equiva- 
lent heating  current  (see  above)  is 
desired  for  direct-current  operation 
w,^    ^  ^*toC+  !,«„,  «,\»+^  ^««    it  may  be  obtained  conveniently  by 

Fig.  s. — Watt-nour  meter  con-    ^,1.1,.  ^i.    j        a  Ji   11 

nected  to  measure  I*R  loss.      the  following  metnod:    A  speaaily 

calibrated  watt-hour  meter  is  con- 
nected to  record  the  energy  lost  in  the  motor  field  winding,  as  shown 

by  Fig.  5,  then  the  equivalent  heating  current  will  be  equal  tOA/-— — 

in  which     e  —  energy  lost  on  motor  field,  watt  hours 

R  =  operating  resistance  of  motor  field,  ohms 

T  =  total  time  during  which  the  equivalent  current  is 

desired  (sum  of  accelerating,  coasting,  braking  and 

stop  periods),  hours. 

Voltage, — The  voltage  may  be  most  conveniently  determined 
by  means  of  a  recording  voltmeter  connected  across  the  motor 
terminals.  An  indicating  voltmeter  may  be  used  by  taking 
periodic  readings  and  recording  the  time  of  each  reading. 

Temperature. — Mr.  Clarence  Renshaw,  A.I.E.E.,  1903,  gives  the 
following  method  used  by  him  in  successfully  measuring  the  tem- 
perature in  a  field  coil  during  a  service  test:  A  small  temperature 
coil  consisting  of  48  ft.  of  No.  27  annealed  iron  \wre  was  calibrated 
in  an  oil  bath,  and  an  accurate  comparison  between  its  resistance 
and  the  temperature  was  obtained.  This  wire  was  then  wound 
on  two  thin  wooden  strips,  and  during  the  process  of  winding  a  field 
coil  for  use  on  one  of  the  motors  these  two  strips  were  placed  in 
the  interior  of  the  coil,  one  on  each  side,  about  half  way  between  the 
center  and  the  outside.  The  resistance  of  this  wire  was  determined 
by  means  of  a  portable  wheatstone  bridge,  at  5-minute  intervals 
during  the  test.  From  these  resistances  and  the  resistance-tem- 
perature relation  the  temperature  of  the  interior  of  the  field  coil 
was  determined.  During  the  test  on  which  this  method  was  used 
unsatisfactory  results  were  obtained  in  trying  to  get  the  armature 
temperature  by  means  of  resistance  tests  during  lay-overs.  In  this 
connection,  Mr.  Renshaw  states,  "As  far  as  could  be  judged.  .  .the 
temperature  of  the  armature  was  not  materially  different  from  that 
of  the  field." 
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Standard  General  Electric  Railway  Motors 

NON-COMMUTATING  POLE  TyPE,  DIRECT  CURRENT  50O  VOLTS 


Motor 

No. 

motors 

Type 
control 

Weight  of  motor 
including  gear  and 
gear  case,  pounds 

Weight, 
total  equip- 
ment, pounds 

Name 

H.p. 

54» 

25 

2 
4 

K-zo 

K-X2 

X.900 

4.760 
8.865 

601 

as 

2 
4 

K'zo 

K-X2 

1.700   • 

4.360 
8,o6s 

800 

25 

2 
4 

K-io 

K>X2 

x,950 

4.860 
9,06s 

81 

30 

2 
4 

K-io 
K-12 

2,020 

S.ooo 
9.345 

78 

35 

2 
4 

K-io 
K>28 

2,580 

6,080 
XX, 630 

I  cool 

35 

2 

4 

K-io 
K>28 

2,i8s 

5.330 

X0,20O 

•S8» 

37 

2 
4 

K-zo 
K-28 

a.225 

5,4x0 
10,360 

67> 

40 

3 

4 

K-xo 
K^28 

a.450 

S.860 

11,260 

•80 

40 

2 
4 

K-xo 
K-28 

2,850 

6,660 

X2,86o 

88 

40 

2 
4 

K-xo 
K-28 

3.070 

7,080 
13,630 

701 

40 

2 
4 

K-IO 
K-28 

2.750 

6,460 

X2,46o 

53> 

45 

2 

4 

K-ii 
K-14 

2,850 

6,750 

X3.66S 

S7» 

SO 

2 
4 
4 

K-xx 

K-14 
Mult,  unit 

3.030 

7,xio 
X4.385 
14.745 

90> 

SO 

2 
4 
4 

K-36 
K-35 
Mult,  unit 

2.875 

6.76s 
X3.750 
I4.I7X 

•98 

SO 

2 
4 
4 

K-36 

K-3S 

Mult,  unit 

3.290 

7.8x5 
X4.9IO 
X5,86S 

•87 

60 

2 

4 

2 

4 

K-28 

K-34' 
Mult,  unit 
Mult,  unit 

3.380 

7.783 

IS.796 

8,690 

X6,207 

74» 

65 

2 
4 

2 

4 

K-28 

K-34 
Mu  t.  unit 
Mult,  unit 

3.S35 

8,530 
X  5.600 

9.360 

x6,29S 

^  These  motors  have  been  superseded  by  later  types,  but  owing  to  their 
widespread  use,  data  conceniing  them  are  included  for  comparison. 
*  Characteristic  curves.  Figs.  6  to  9. 
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GE  500-VoLT  NoN-coMMUTATiNG  PoLE  MOTORS. — Continued 


Motor 

No. 
motors 

Type 
control 

Weight  of  motor 

including  gear  and 

gear  case,  pounds 

Weight 
total  equip- 
ment, pounds 

Name 

H.p. 

•73 

•66 

55 
76 
69t 

75 

135 

160 
160 

300 

3 

4 

a 

4 

3 
4 

3 
4 

3 

4 

3 

4 

K-38 

K-34 
Mult,  unit 
Mult,  unit 

Mult,  unit 
Mult,  unit 

Mtilt.  unit 
Mult,  unit 

Mult,  unit 
Mult,  unit 

Mtilt.  unit 
Mult,  unit 

4.137 

4.400 
5.420 
5.170 
6.350 

9.740 
18,760 
10,580 
19.670 

11.515 
31.370 

14.08S 
37.520 

13.58s 
36,520 

15.820 
31.000 

GE  600-VOLT  D.C.  COMMUTATING  POLE  TyPE  RAILWAY  MOTOKS 


Motor 

No. 
motors 

Type 
control 

Weight  of  motor 
including  gear  and 
gear  case,  pounds 

Weight 
total  equip- 
ment, pounds 

Name 

H.p. 

300 

40 

3 
4 

4 

K-36 

K-3S 
Mult,  unit 

3.130 

9.880 
10,410 

336 

45 

3 
4 
4 

K-36 

K-35 

Mult,  unit 

3, 1 80 

5.620 
10,430 
10,670 

303 

50 

3 
4 
4 

K-36 

K-35 

Mult,  unit 

a,i50 

5.550 
10,270 
io.5Sb 

*303 

50 

3 
4 
4 

K-36 

K-35 

Mult,  imit 

3,600 

6.450 

13. 100 

12,350 

3l6 

SO 

3 
4 
4 

K-36 

K-3S 

Mult,  unit 

a.875 

7.000 
13.200 
13,450 

319 

50 

3 

4 

4 

K-36 

K-3S 

Mult,  unit 

3,887 

6.833 
13,140 
13.390 

301 

65 

3 

4 

3 

4 

K-36 

K-3S        .  . 

Mult,  unit 
Mult,  unit 

2,735 

6,710 
13,6X0 

7.490 
I3.X00 

30  X 

65 

3 
4 

3 
4 

K-36    . 

K-3S 

Mu  t.  unit 

Mu  t.  unit 

2.870 

7.000 

13.180 

7.690 

13.380 

*  Characteristic  curves.  Fig.  10,  11,  and  is. 

t  This  motor  has  been  sui>erseded  bv  later  types,  but  owing  to  its  wide< 
spread  use.  data  concerning  it  is  included  for  comparison. 
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GE  600-VOLT  D.C.  COMMUTATING  PoLETyPE  RAILWAY  MOTORS. — 

Continued 


Motor 

No. 
motor 

Type^ 
control 

Weight  of  motor 
including  gear  and 
gear  case,  pounds 

Weight, 
total  equip- 
ment, pounds 

Name 

H.p. 

•210 

70 

2 
4 

3 

4 

K-36 

K-34 

Mu  t.  unit 
Mult,  unit 

3,380 

7.750 
15.710 

8,690 
15.680 

ai8 

70 

3 

4 

3 

4 

K-36 

K-34 
Mu  t.  unit 
Mult,  unit 

3.200 

4 

8,100 
15.000 

8,330 
14.960 

304 

—  75 

2 

4 

3 

4 

K-3S 
K-34 
Mult,  unit 
Mult,  unit 

3.400 

8,500 
15.800 

8,730 
15,760 

•214 

80 

3 

4 

3 

4 

K-3S 
K-34 
Mult,  unit 
Mult,  unit 

3.806 

9,282 

17,414 

9.430 

17,240 

•20s 

no 

3 

4 

3 

4 

Mult,  unit 
Mult,  unit 

3,925 

9.200 
18.330 

9.800 
18,300 

325 

IIS 

3 

4 

Mult,  unit 
Mult,  unit 

3.860 

10,200 

18,760 

233 

140 

3 

4 

Mult,  unit 
Mult,  unit 

4,100 

10,710 

19.900 

207 

165 

2 
4 

Mult,  unit 
Mult,  unit 

5.160 

13.050 
25.950 

313 

235 

3 
4 

Mult,  unit 
Mult,  unit 

6.000 

14.800 
29,780 

309 

27s 

4 

Mult,  unit 

10,400 

50.930 

GE  600/ 1 200- Volt  D.C.  Commutating  Pole  Type  Railway  Motors 


217 

SO 

2 
4 
4 

K-43 
K-47 
Mult,  unit 

3.250 

8.650 
15.1SO 
17,150 

•20S-A 

80 

3 
4 
4 

K-43 
K-47 
Mult,  unit 

3,850 

9.850 
17.600 
19.730 

235 

105 

4 

Mult,  unit 

3,860 

20.980 

305 

no 

3 
4 

Mult,  unit 
Mult,  unit 

3,930 

z  0.400 
18,250 

207 

no 

4 

Mult,  unit 

S,i6o 

36,330 

333 

130. 

4 

Mult,  unit 

4.100 

22.380 

•307-A 

140 

4 

Mult,  unit 

5.160 

26.870 

GE  1200-V0LT  D.C.  Commutating  Pole  Type  Railway  Motors 


20s 


80 


K-42 
Mult,  uiiit 


Xkv 


3.850 


9.850 
20.000 


'Characteristic  curves.  Pigs.  13  to  17. 
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Standard  WestinitbouBe  Railway  Motors 

DiKECT-CURRENI  NON-COMMUTATING  POLE  TyPE 
(Designed  prior  to  1904) 


Motor 

No. 
motors 

Type 
control 

Weight  of  motor 

including  gear  and 

gear  case,  pounds 

Weight, 
total  equip- 

Name 

H.p. 

ment,  pounds 

•12-A 

25 

3 

4 

K-io 

K-I3 

3. 300 

S.400 
10,140 

la-A 

30 

3 

4 

K-io 

K-I3 

5,400 

10.140 

•69 

30 

3 
4 

K-io 

K-I3 

1,950 

4.900 
9,140 

•49 

35 

3 

4 

K-io 
K-38 

1.925 

4.900 
9.300 

92-A 

35 

3 

4 

K-io 
K-38 

2,365 

5.580 
10,500 

68-C 

40 

3 

4 

K-io 
K-38 

3,380 

S,6oo 
10.560 

lOX 

40 

3 
4 

K-io 
K-28 

3,645 

6,340 

I3.030 

loi-C 

40 

3 
4 

K-io 
K-38 

3,780 

6.700 
13.700 

38-B 

50 

3 

4 

K-io 
K-38 

2,380 

5.810 
10,960 

•93-A 

60 

3 

4 

K-ii 
K-14 

3.440 

8,080 
16,360 

56 

60 

3 

4 

K-ii 
K-14 

3.000 

7,300 
14,400 

Z12 

75 

3 

4 

Unit  switch 
Unit  switch 

3.440 

8,775 
15.830 

76 

75 

3 
4 

Unit  switch 
Unit  switch 

3.840 

9.575 
17.420 

85 

75 

3 
4 

Unit  switch 
Unit  switch 

4.S00 

10.895 
30.060 

lai 

90 

3 

4 

Unit  switch 
Unit  switch 

4.300 

10,530 
30,0x5 

•119 

125 

3 

4 

Unit  switch 
Unit  switch 

4,680 

11,425 

3X,6lO 

•113 

195 

3 
4 

Unit  switch 
Unit  switch 

6.550 

xs.7$5 
Special 

•ioi-B-2 

40 

3 

4 

3 
4 

K-io-A 
K-38-B 
Unit  switch 
Unit  switch 

2,780 

6,63s 

13,630 

7.225 

13.065 

IOI-D-2 

50 

3 

4 

3 
4 

K-36-J 
K-3S-G 
Unit  switch 
Unit  switch 

3,780 

6,705 
12,695 

7.245 
13.100 

*  Characteristic  curves.  Figs.  18  to  34* 
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Westinghouse  D.C.  Non-commutating  Pole  Type  Railway 

Motors. — -Coniinued 

(Designed  since   1904) 


Motor 

No. 
motors 

Type 
control 

Weight  of  motor 
including  gear  and 
gear  case,  pounds 

Weight, 
total  equip- 
ment, pounds 

Name 

H.p. 

93-A-3 
•113-B 

13I-A 

•114 

60 

75 

90 

160 

3 

4 

3 

4 

3 
4 

4 

3 

4 
3 

4 

3 
4 

K-36-J 

K-^4-D 
Unit  switch 
Unit  switch 

K-35-G 
K-^4-D 
Unit  switch 
Unit  switch 

K-3S-G 
K-^4-D 
Unit  switch 
Unit  switch 

Unit  switch 
Unit  switch 

3,440 
3.485 
4,300 
S.300 

8,100 
15.900 

8.S85 
15.815 

8,505 
16,345 

8.860 
16,000 

10,130 
19,500 
10,530 
19.815 

13.080 
Special 

Westinghouse  D.C.  Commutating  Pole  Railway  Motors 


Motor 

No. 
motors 

Type 
control 

Weight  of  motor 

including  gear 

and  gear  case, 

pounds 

Weight, 

Name 

H 

P- 

total 
equipment, 

600  V. 

500  V. 

pounds 

328 

37 

30 

3 

4 

3 

4 

K-ii-M 
K-38-U 
Unit  switch 
Unit  switch 

1,680 

4.400 

8.155 
4.480 

8,365 

323-A 

40 

33 

3 

4 

3 

4 

K-ii-M 
K-38-U 
Unit  switch 
Unit  switch 

1,890 

4.830 
8.995 
5.445 
9.505 

312 

SO 

40 

3 

4 
3 

4 

K-II-M 
K-28-U 
Unit  switch 
Unit  switch 

2,630 

6,300 
11.955 

6,945 
12,505 

307 

50 

40 

3 

4 

3 

4 

K-36-J 
K-35-G 

Unit  switch 
Unit  switch 

2.850 

6.815 
12.995 

7,385 
13,390 

t3i9-B 

50 

40 

•    3 

4 

3 

4 

K-36-J 
K-35-G 
Unit  switch 
Unit  switch 

2,865 

6.845 
13.055 

7.415 
13,450 

306 

60 

SO 

a 
4 

3 

4 

K-36-J 
K-^S-G 
Unit  switch 
Unit  switch 

2,850 

6,815 

12,995 

7.400 

13.455 

t3i6 

60 

50 

3 

4 

3 

4 

K-36-J 
K-^S-G 
Unit  switch 
Unit  switch 

3.050 

7,215 
14.190 

7,800 
14,25s 

*  Characteristic  curves.  Pigs.  35  and  36. 
t  Characteristic  curves,  Figs.  37  and  28. 
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Westinghouse  D.C.  Commutating  Pole  Railway  Motors. — 

CotUinued 


Motor 

No. 
motors 

Type 
control 

Weight  of  motor 

including  gear 

and  gear  case, 

pounds 

Weight. 

total 

equipment. 

Name 

H.p. 

600  V. 

500  V. 

pounds 

305 
310 
304 

•317 

303-A 
•302-A 
•301-B 

300-B 

75 

75 

90 

90 

no 
140 

175 
220 

60 
60 
75 
75 

2 

4 

2 

4 

2 

4 

2 

4 

2 

4 

2 

4 

2 
4 

2 

4 

2 

4 

2 

4 

2 
4 

2 
4 

K-34-t) 
Unit  switch 
Unit  switch 

K-36-J 

K-34-D 
Unit  switch 
Unit  switch 

S-35-G 
K-34-D 
Unit  switch 
Unit  switch 

K-35-G 
K-?4-D 
Unit  switch 
Unit  switch 

Unit  switch 
Unit  switch 

Unit  switch 
Unit  switch 

Unit  switch 
Unit  switch 

Unit  switch 
Unit  switch 

3.550 

3,440 

3.550 

3,660 

4.150 
4.68s 
5.510 
6.400 

8.215 
16,370 

9.000 
16,360 

7.995 
IS.930 

8.780 
15,920 

8.655 
16,525 

9.000 
16,360 

8.875 
16.96s 

9,220 
16,800 

10,230 
19.220 

11.430 
21.630 

13.500 
Special 

15,500 
Special 

Westinghouse  1200-  and  1500- Volt  D.C.  Railway  Motoss 


Motor 

No. 
motors 

Type 
control 

Weight  of  motor 

including  gear 

and  gear  case, 

pounds 

• 

Weight, 

total 

equipment. 

Name 

H.p. 

600  V. 

500  V. 

pounds 

•333 
•321 

*322 

•308-D-3 

115 

750  V. 

no 
no 

140 
140 

260 
260 

100 

600  V. 

90 
90 

115 
IIS 

225 
225 

2 

4 

2 
4 

2 

4 

2 
4 

Unit  switch 
Unit  switch 

Unit  switch 
Unit  switch 

Unit  switch 
Unit  switch 

Unit  switch 
Unit  switch 

3.900 

4.150 
4.68s 
6,740 

Special 
Special 

Special 
Special 

Special 
Special 

Special 
Special 

?  Characteristic  curves,  Pigs.  29  to  35. 
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Westinghouse  Single-phase  A.C.  Railway  Motors 

For  Motor  Cars 


Motor 


Name 


H.p. 


No. 
motors 


Type^ 
control 


Weight  of  motor 
includmg  gear  and 
gear  case,  pounds 


Weight, 
total  equip- 
ment, pounds 


•i3S 
13a 
1 3  2- A 

•132-C 
132-P 
•148-A 
•133 

•is6 
409 
409- B 
409-D 


75 

4 

100 

4 

100 

4 

100 

4 

100 

4 

125 

4 

135 

4 

ISO 

4 

175 

4 

175 

2 

175 

4 

Unit  switch 
Unit  switch 
Unit  switch 

Unit  switch 
Unit  svi  itch 
Unit  switch 
Unit  switch 

Unit  switch 
Unit  switch 
Unit  switch 
Unit  switch 


4.500 
5.100 
5.575 

5.575 
5.700 
6,100 
6,000 

7.700 
7,8461 
6,700 
7,846» 


Special 
Special 
Special 

Special 
Special 
Special 
Special 

Special 
Special 
Special 
Special 


For  Locomotives 


410 

•409-Ca 
ISI 

137 
•130 

403 

•403-A 
403-B 
406 


125 

175 
175 

240 
250 
3X0 

310 
310 
675 


4, 
4  pftirs 

4 

3 

4 
4 

4 
4 

2 


Unit  switch 
Unit  switch 
Unit  switch 

Unit  switch 
Unit  switch 
Unit  switch 

Unit  switch 
Unit  switch 
Unit  switch 


13.365* 
i6,500» 
10,600 

15,700 
16,400 

21,220* 

i9,8oo» 
19,8001 

41,200 


Special 
Special 
Special 

Special 
Special 
Special- 
Special 
Special 
Special 


»  Motors  arranged  for  quill  drive.     Weights  here  include  drive  details. 
*  409-^C  motor  is  arranged  to  operate  in  pairs.     Weight  given  is  for  one 
pair  of  motors  complete  with  drive  details. 

Allis  Chalmers  Direct-current  Railway  Motors 


Motor 

No. 
motors 

Type 
control 

Weight  of  motor 

including  gear  and 

gear  case,  pounds 

Weight, 
total  equip- 
ment, pounds 

.Name 

H.p. 

•301 
•501    . 
•302 

40 
SO 
55 

2 

4 

2 

4 

2 

,     4 

i-3 

S-4 
s-4 
S-4 

2.630 
2,6x0 
3.060 

6,550 
X  2,300 

6,450 
12,100 

7.640 
14.030 

*  Qiaracteristic  carves,  Figs.  36  to  46. 

Motors  for  Low  Floor  Cars.  Motors  commonly  known  as  "Low 
Floor,"  "Dachshund"  and  "Baby,"  for  use  on  low  floor  cars  buijb 
with  small  wheels,  are  of  smaller  diameter  than  but  do  not  differ 
in  general  electrical  design  from  motors  ordinarily  used  with  33-in. 
wheels. 

Pressed  Steel  Motor.  Certain  railway  motor  parts  formerl>r 
made  of  cast  steel  are  now  made  of  pressed  steel,  for  some 
of  the  motor  capacities  of  most  common  application.  The 
16 
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weight  of  a  40-h.p.  pressed  steel  motor  is  about  12  per  cent,  less 
than  a  cast  steel  motor  of  the  same  capacity. 

Railway  Motor  Characteristic  Curves.  Figs.  6  to  46,  inclusive, 
give  the  operating  characteristics  of  some  of  the  commercial  motors 
when  operating  at  particular  voltages  with  particular  gear  ratios 
and  driving-wheel  diameters.  The  ordinates  for  the  tractive  effort 
curve  for  a  series  motor  with  any  gear  ratio  or  driving-wheel  diameter 
may  be  derived  from  the  ordinates  of  the  original  tractive  effort 
curve  for  that  motor  as  follows: 


in  which  T^  =  tractive  eflFort  ordinate  for  any  current  value  on  the 

derived  curve 
T  =  tractive  effort  ordinate  for  the  same  current  value 

on  the  original  curve 
G^  —  gear  ratio  for  derived  tractive  effort  curve 
G  »  gear  ratio  for  original  tractive  effort  curve 
D^  =  driving-wheel  diameter  for  derived   tractive  effort 

curve 
D  =  driving-wheel  diameter  for  original  tractive  effort 
curve. 
The  approximate  values  of  the  ordinates  of  the  speed  curve  for  a 
series  motor  with  any  gear  ratio  or  driving-wheel  diameter  operating 
at  any  other  electromotive  force,  differing  slightly  from  the  electro- 
motive force  at  which  the  original  speed  curve  was  obtained,  may 
be  derived  from  the  original  speed  curve  as  follows: 


ci  =  c  /^^  X  G  X  D'\ 

"^{exg^xd) 


in  which  S^  ==  speed  ordinate  for  any  current  value  on  the  derived 

curve 
S  =  speed  ordinate  for  the  same  current  value  on  the 

original  curve 
E^  =  e.m.f.  for  derived  speed  curve 
E  =  e.m.f.  for  original  speed  curve. 
(Note:    When  the  electromotive  force  is  not  changed,  that   is, 
when  E^  =  £,  the  value  given  for  5*  is  exact.) 

Example  of  the  Derivation  of  Tractive  Effort  and  Speed  Curves. 
Fig.  48  (p.  265)  shows  tractive  effort  and  speed  curves  (dotted)  de- 
rived from  the  original  curves  by  the  above  process  as  follows:  The 
original  gear  ratio,  wheel  diameter  and  voltage  are  2.78,  33,  and 
500,  respectively,  and  it  is  desired  to  derive  the  tractive  effort  and 
approximate  speed  curves  for  a  gear  ratio,  wheel  diameter  and 
voltage  of  3.83,  36,  and  550,  respectively.  In  this  case,Cr^  "3'83i 
G  =  2.78,  D^  =  36,  £>  =  33,  £1  =  550  and  E  =  500. 
Therefore 


(3 'S3  X  33\ 
\2.78  X  36/ 


and  S^  I  ^'(550  X  2.78  X  36\ 

Vsoo  X  3.83  X  33/ 
«  0.87  S 
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Thus  in  Fig.  48  the  dotted  tractive  e£fort  curve  is  the  locus  of 
all  points  the  ordinate  of  each  of  which  is  equal  to  1.26  times  the 
corresponding  ordinate  on  the  original  tractive  effort  curve,  and  the 
dottea  speed  curve  is  the  locus  of  all  points  the  ordinate  of  each 
of  which  is  equal  to  0.87  times  the  corresponding  ordinate  on  the 
original  speed  curve. 

(Note  :  Where,  as  for  preliminary  investigation,  only  one  or  very 
few  points  on  the  derived  characteristic  may  be  desired,  it  may  be 
advantageous  to  obtain  the  desired  derived  values  by  the  above 
method  of  calculation  directly  without  actually  plotting  the  derived 
curve.) 
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PxG.  6i-— General  Electric  No.  58  railway  motor.    37  b.p.,  500  volts,  pinion 

I5>  gear  69,  ratio  4.60,  wheels  30  in. 
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Fig.  9. — General  Electric  No.  87  railway  motor.     60  h.p.,  500  volts,  pinion 

l6(  gear  71,  ratio  4.44,  wheels  33  in. 
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Pig.  10. — General  Electric  No.  73  railway  motor.     75  h.p..  Soo  volts,  pinion 

I7t  gear  73,  ratio  4.30,  wheels  33  in. 
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Fig.  II. — General  Electric  No.   66  railway  motor.  I2S  h*pt«  500  volts, 
pinion  17,  gear  61,  ratio  3.59,  wheels  33  in. 
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Pig.  12. — General  Electric  No.  203  railway  motor.    50  h.p.,  600  yolts,  pinion 

IS,  gear  69,  ratio  4.60  wheels  33  in. 
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Pig.  13. — General  Electric  No.  a  10  railway  motor.    70  h.p.,  600  volts,  pinion 

16,  gear  71,  ratio  4.43,  wheels  33  in. 
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Pig.  14. — General  Electric  No.  a  14  railway  motor.     75  h.p.,  600  volts,  pinion 

X7f  gear  60,  ratio  3.53,  wheels  33  in. 
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Pig.  15. — General  Electric  No.  205-B  railway  motor.     100  h.p.,  600  volts, 
pinion  17,  gear  57.  ratio  3.35,  wheels  33  in. 
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Pig.  16. — General  Electric  No.  20S-A  railway  motor.  80  h.p.,  600  volts, 
pinion  17,  gear  67,  ratio  3.35,  wheels  33  in.  Wound  for  operating  two  in 
series  on  laoo  volts. 
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Fig.  17. — General  Electric  No.  207-A  railway  motor.  140  h.p.,6do  volts, 
pinion  22.  gear  59.  ratio  2.68,  wheels  36  in.  Wound  for  operation  two  in 
series  on  1200  volts. 
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Fig.  18. — Westinghouse  No.  12-A-2S  railway  motpr.     25  h.p.,  500  volts, 
pinion  14,  gear  68,  ratio  4.86,  wheels  33  in. 


65 

25    100   50 

90    4b 
20     80    40 

• 

70m35 

5      2 

915  S60    80 

n     -J 

«      e  50    25 
llO     40    20 

S 

30    15 
6     20    10 

10 
0      0 


2S0O 


2000 


isooj 

H 

iooo| 


500 


30    40    50    60    70 
Amperei 


90    100 
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Westinghouse    No.   93-A    railway  motor.     60    h.p.,   500  volts, 
pinion  17,  gear  70,  ratio  4.1a,  wheels  33  in. 


252 


ELECTRIC  RAILWAY  HANDBOOK 


2G0    lOO    60 
225     90 

aOO     80    40 
ITO     70 
p^lS0|60j^80 
bi]2BfB50^ 
100    40    20 
75    80. 
60    20     10 

25     10 
0      0      0 


200  300 

Ampere  I 


Fig.  33. — Westinghouse  No.  119  railway  motor.  135  h.p..  550  yolts 
pinion  30,  gear  55,  ratio  3.75,  wheels  33  in.  Continuous  capacity,  95  amp. 
at  300  volts,  85  amp.  at  400  volts. 
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■Westinghouse  No.  113  railway  motor.     195  h.p.,  550  volts,  pinion 
I9»  gear  64,  ratio  3.37,  wheels,  36  in. 
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Pig.  24.— -Westinghottse   No.    loi-B    railway  motor.     40,  h.p.,   500  volts 
pinion  Z7»  gear  67 1  ratio  3.94,  wheels  33  in.' 
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.Pig.  25. — Westinghouse  No.  112-B  railway  motor.  75  h.p.,  500  volts, 
pinion  19,  gear  70.  ratio  3.68,  wheels  36  in.  Continuous  capacity*  60  amp, 
At.  300  volts,  55  amp.  at  400  volts. 
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Fig.  26. — Westinghouse  No.  114  railway  motor.  160  h.p.,  550  volts, 
pinion  20,  gear  57,  ratio  2.85,  wheels  33  in.  Continuous  capacity,  120  amp. 
at  300  volts,  no  amp.  at  400  volts. 
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Pig.  27.— Westinghouse  No.  siQ-B  railway  motor.     $0  h.p.,  600  volts, 
pinion  17,  gear  69,  ratio  4.06,  wheels  33  in. 
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Fig.  28. — Westinghpuae  No.  316  railway  motor.     7S  h.p.,  600  volts,  pinion 

IS,  gear  7 it  ratio  4.73,  wheels  30  in. 
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Fig.  29. — Westinghouse  No.  317  railway  motor.     90  h.p.,  600  volts, 
pinion  19,  gear  70,  ratio  3.68,  wheels  33  in. 
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Fig.  30. — Westinghouse  No.  303«A   railway  motor.     140  h.p.,  600  volts, 
pinion  2x»  gear  56,  ratio  a.67,  wheels  36  m. 
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FxG.  31. — Westinghouse  No.  301  railway  motor.     17^  h.p.,  600  volts,  pinion 

18,  gear  59,  ratio  3.28,  wheels  36  in. 


MOTOR  CHARACTERISTICS 


257 


aoo  100  50 

380    90 
100    80   40 
140     10 

Hioou&oo; 

80^40^ 
00    30 
40     20   10 
20     10 


1 

/ 

\ 

_j« 

iClAllClC- 

/ 

^ 

L 

*7 

c 

*7 

\ 

\ 

<L' 

/ 

i 

7 

\ 

t 

# 

/ 

\ 

L 

/ 

' 

/ 

V 

^ 

^ 

— 

J 

/ 

A 

V 

/ 

A 

J 

f 

<? 

r 

\ 

/ 

6000 


4000 


9000 


2000 


^ 


vno 


0     00100150200250800960 
Amperes 

FtG.  33. — Westinghouse  No.  333-B  railway  motor.  lis  h.p.,  6oo  volts, 
pinion  19,  gear  58,  ratio  3.05,  wheels  36  in.  Wound  for  operation  two  in 
series  on  laoo  volts. 
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.Pig.  33. — Westinghouse  No.  321  railway  motor,  no  h.p.,  750  volts, 
pimon  16,  gear  61,  ratio  3.81,  wheels  36  in.  Wound  for  operation  two  in 
senes  on  isoo  volts. 

17 


258 


FXECTRTC  RAILWAY  HANDBOOK 


200    100    50 

180      90 
ICO      80    40 
140  ^  70  ^ 

Hl20-g  iSOiCSO 

«        S       5«' 

100  "  sa 

80      40    20 
60      90 
40      20    10 


20 

0 


10 
0 


/    / 

%S- 

r'^-^n. 

VIZ 

7 

f 

sooo 


4000§ 

« 

I 

MOOh 

id 

»4 


2000 


1000 


50    100    ISO   200    280    300  3G0 
Amperei 


Pig.  34. — Westinghouse  No.  322  railway  motor.  140  h.p.,  750  volts, 
pinion  16,  gear  61,  ratio  3.81  f  wheels  36  in.  Wound  for  operation  two  in 
series  on  1500  volts. 
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Pig.  3S. — Westinghouse  No.  308-D  railway  motor,  225  h.p.  (250  h.p. 
with  forced  ventilation)  600  volts,  pinion  I9f  gear  72,  ratio  3.79,  wheels  Z^ 
in.     Wound  for  operation  two  in  series  on  1200  volts. 


MOTOR  CHARACTERISTICS 


259 


900  400 

Amperes 

Pig.  36. — Westinghouse  No.  13S-B  railway  motor.  380  amp.,  aio  volts, 
25-cycle,  single-phase,  alternating-current,  pinion  ii,  gear  60,  ratio  3.53* 
wheels  36  in.     Continuous  capacity  170  amp.  at  130  volts. 
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Pig.  37.— Westinghouse  No.  132-C  railway  motor.  430  amp.,  235  volts. 
25-cycle,  single-phase,  alternating-current,  pinion  20,  gear  63,  ratio  3.1  Si 
wheels  36  in.     Continuous  capacity  aoo  amp.  at  235  volts. 
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Fig.  38. — Westinghouse  No.  148- A  railway  motor.  550  amp.  (forced 
ventilation),  225  volts,  2S-cycle,  alternating-current,  pinion  25.  gear  66,  ratio 
2.64,  wheels  38  in.     Continuous  capacity  325  amp.  at  150  volts. 
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Fig.  39. — Westinghouse  No.  133  railway  motor.  600  amp.  (forced 
ventilation),  23s  volts,  2S-cycle,  alternating-current,  pinion  17,  gear  72.  '■***° 
424,  wheels  38  in.     Continuous  capacity,  600  amp.  at  235  volts. 
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Pig.  40. — Westinghouse  No.  156  railway  motor.  600  amp.  (forced 
ventilation),  210  volts,  2$-cycle,  alternating-current,  pinion  25.  gear  74, 
ratio  2.96.  wheels  4a  in.     Continuous  capacity,  450  amp.  at  210  volts. 
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Pig.  41. — ^Westinghouse  No.  409-C  locomotive  motor.  650  amp.  (forced 
ventilation),  375  volts,  25-cycle,  alternating-current,  pinion  22,  gear  92, 
ratio  4.18,  wheels  63  in.     Continuous  capacity,  500  amp.  at  275  volts. 
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Pig.  42. — Westinghouse  No.  130  locomotive  motor.  1130  amp.  (forced 
ventilation),  220  volts,  25-cycle,  alternating-current,  gearless,  wheels  62  in- 
Continuous  capacity,  860  amp.  at  220  volts.  . 
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Fro.  43. — Westinghouse  No.  403-A  locomotive  motor.  1000  amP* 
(forced  ventilation),  300  volts,  as-cycle,  alternating-current,  pinion  34,  g«*' 
89,  ratio  3.71.  wheels  63  iA<     Continuous  capacity,  930  amp.  at  300  volts. 
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Pig.  44. — Allis-Chalmers  No.  301  railway  motor.     40  h.p.,  500  volts,  pinion 

i5t  gear  69,  ratio  4.60,  wheels  33  in. 
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Pig.  45. — Allis-Chalmers  No.  soi  railway  motor.     50  h.p.,  600  volts,  pinion 

I5i  gear  7i>  ratio  4.73.  wheels  33  in. 
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Fig.  46. — Allis-Chalmers  No.  302  railway  motor.     55  h.p.,  500  volts,  pinion 

16,  gear  73,  ratio  4.56,  wheels  33  in. 
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Fig.  48. — Illustrating  change  of  tractive  effort  and  speed  curves  for  a 
change  in  gear  ratio,  driving  wheel  diameter  and  voltage.  (GB-87  motor, 
60  h.p.) 
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Altematmg-ciure&t  Railway  Motors 

General  Structural  Difference  between  Slngle-pliase  Commutat- 
ing  Alternating-  and  Direct-current  Motors.  The  structural 
differences  between  single-phase  alternating-current  series  motors 
and  direct-current  motors  are  summarized  by  Messrs.  R.  £. 
HeUmund  and  £.  W.  P.  Smith  in  the  Electric  Journal,  191 3,  as 
follows: 
(i)  The  laminated  core  of  the  alternating-current  motor; 

(2)  Comparatively  large  number  of  poles  of  the  alternating-current 
motor; 

(3)  The  use  of  a  distributed  auxiliary  winding  on  the  alternating- 
current  motor  in  addition  to  the  main  fidd  winding; 

(4)  The  larger  armature  diameter  as  compared  with  that  of  a 
direct-current  armature; 

(5)  Short  and  stubby  poles  made  possible  by  the  small  number  of 
field  ampere-turns  on  the  alternating-current  motor; 

(6)  The  large  and  wide  commutator  of  the  alternating-current 
motor  and  the  large  number  of  segments  as  compared  with 
direct-current  machines; 

(7)  Small  air  gap  of  the  alternating-current  motor. 

To  these  should  be  added  preventive  leads  between  the  armature 
winding  and  commutator  in  the  alternating-current  motor. 
The  use  of  the  laminated  field  structure,  the  auxiliary  or  com- 
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pensating  winding  and  the  preventive  leads  in  the  single-phase 
motor  are  the  differences  essential  to  the  single-phase  motor. 

Laminated  Field  Structure.  The  field  is  laminated  in  order  to 
reduce  the  losses  and  associated  heating  due  to  the  alternating  flux 
in  the  iron. 

Compensating  Winding.  The  purpose  of  the  compensating 
winding  is  to  neutralize  cross-magnetization,  thereby  improving 
commutation  and  power  factor  of  the  motor.  Compensation  is 
classified  as  conductive  or  inductive,  depending  upon  the  process 
by  which  the  current  flowing  in  the  compensating  winding  is  ob- 
tained. If  the  compensating  winding  is  connected  to  receive  cur- 
rent from  an  external  so\u*ce,  as  by  connecting  it  in  series  with  the 
main  motor  circuit,  the  compensation  is  said  to  be  conductive.  If 
the  compensating  winding  is  closed  on  itself  so  that  a  current  due 
to  a  directly  induced  electromotive  force  flows  within  itself,  the 
compensation  is  said  to  be  inductive.  On  the  New  York,  West- 
chester and  Boston  Railway  inductive  coihpensation  is  used.  On 
the  New  York,  New  Haven  and  Hartford  Railroad  motors  intended 
only  for  single-phase  operation  are  inductively  compensated.  On 
the  same  road,  motors  intended  for  both  single-phase  and  direct- 
current  operation  are  conductively  compensated.  Insulation  strain 
to  ground  is  made  negligible  in  the  inductive  compensation. 

Inductive  and  Conductive  Compensation.  When  motors  operate 
only  on  alternating  current  the  difference  in  results  of  either  induct- 
ive or  conductive  compensation  is  inappreciable,  but  where  the 
motor  is  to  be  operated  with  direct  current,  conductive  compensa- 
tion should  be  used. 

Preventive  Leads.  Preventive,  leads  in  a  single-phase  commu- 
tating  motor  are  added  resistance  between  commutator  windings 
and  commutator  bars.  Their  purpose  is  to  restrict  the  current 
flowing  in  the  armature  coil  when,  short-circuited  by  the  brush. 
They  add  their  resistance  effect  to  that  of  the  carbon  brush  bridging 
the  commutator  bars.  In  so  restricting  the  current  they  improve 
commutation  and  they  may  improve  the  efficiency  of  the  motor. 
Whether  or  not  efficiency  is  improved  by  the  preventive  leads 
depends  upon  the  balance  of  the  following  two  effects:  (a)  I^R  loss 
due  to  the  passage  of  the  armature  current  through  the  preventive 
leads  on  its  way  to  the  armature  winding.  This  loss  varies  directly 
with  the  resistance  of  the  leads,  (b)  I^R  loss  due  to  the  passage  of 
current  set  up  in  the  short-circuited  armature  coil  as  a  result  of  the 
electromotive  force  induced  by  the  field.  This  loss  decreases  as  the 
resistance  of  the  preventive  leads  increases.  The  preventive  leads 
are  of  greater  value  during  starting  and  acceleration. 

General  Types  of  Single-phase  Commutating  Motors.  There 
are  three  general  types  of  single-phase  commutating  motors,  namely, 
the  series,  repidsion  and  the  induction  series.  Of  these  the  former 
two  are  in  most  general  use  in  America. 

Connections  of  Single-phase  Commutator  Motors.  The  con- 
ventional diagrams,  Figs.  49  to  55,  inclusive,  show  some  of  the  meth- 
ods of  connecting  armature,  field  and  compensating  coils  of  single- 
phase  commutator  motors.  Since  the  windings  on  armature  and 
field  of  the  repulsion  motors  are  not  electrically  connected,  opera- 


ALTERNATING-CURRENT  MOTORS 


267 


tion  of  this  type  is  possible  on  comparatively  high  voltages  if  the 
armature  be  so  constructed  that  a  low  voltage  is  induced  in  it. 


Fig.  a9. — In-  Pig.  so. — Con- 
ductivdy  com-  duotively  com- 
pensated series  pensated  series 
motor.  motor. 


rwMC^ 


Pic.  si. — In- 
duction series 
motor. 


Pig.  52. — 
Thomson  re- 
pulsion  motor. 


Fig.  S3. — Series 
compensated  re- 
pulsion motor. 
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Fig.  S4. — Winter- 
Eichberg  repulsion 
motor. 


Fig.      5S. — ^I^atour 
repulsion  motor. 


'  Three-phase  Inductioii  Motor.  The  three-phase  motor  is  called 
a  constant  speed  motor  (see  p.  383  for  methods  of  changing  speed). 
It  has  the  characteristics  of  a  direct-current  constant  speed  motor. 
Neglecting  control,  the  speed  of  the  three-phase  induction  motor 
depends  upon  the  frequency  of  supply  and  the  speed  falls  off  but 
little  as  the  load  on  the  motor  is  mcreased.  The  speed  of  a  train 
driven  by  three-phase  induction  motors  ordinarily  remains  nearly 
constant  up  grade  and  down  srade.  The  three-phase  induction 
motor  regenerates  energy,  forcmg  it  back  into  the  line  when  the 
motor  is  driven  above  its  synchronous  speed  (see  p.  213).  This 
process  takes  place  as  the  train  descends  a  grade,  and  since  this 
regeneration  brings  a  load  on  the  motor  acting  as  a  generator  the 
train  is  not  allowed  to  accelerate  beyond  the  point  at  which  the 
force  due  to  gravity  is  balanced  by  the  forces  it  is  overcoming  in 
driving  the  motor  acting  as  a  generator.  Since  the  three-phase 
motor  is  a  constant  speed  motor,  in  ascending  a  grade  it  will  make 
a  demand  on  the  power  station  proportional  to  the  torque  required 
and  the  losses  to  the  motor.  As  outlined  on  p.  214  this  demand 
may,  however,  be  reduced  by  the  energy  of  regeneration  of  trains 
descending.  In  order  to  operate  on  long  up  grades  a  three-phase 
induction  motor  must  have  high  continuous  Capacity. 

The  starting  efficiency  of  three-phase  motors  is  low  so  the  motor 
is  not  well  suited  to  service  having  frequent  stops.  The  tractive 
effort  may  be  held  constant  during  the  starting  period,  but  this  is 
done  at  the  expense  of  energy  lost  in  the  motor-starting  resistance. 
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Since  there  is  no  electrical  connection  between  the  primary  wind- 
ing and  the  secondary  winding  of  an  induction  motor,  and  there  is 
no  commutator,  this  type  of  motor  may  be  built  to  operate  on  volt- 
ages which  are  high  compared  with  those  on  which  motors  of  other 
types  are  operated. 

Speed  of  Inductioii  Motor.  The  speed  of  an  induction  motor  is 
equal  to  its  synchronous  speed  minus  the  slip.  The  value  of  the 
slip  increases  at  practically  a  constant  rate  from  nearly  zero  at  no 
load  to  about  2  to  5  or  6  per  cent,  of  synchronous  q)eed  at  full  load. 

in  which  S  »  synchronous  speed,  revolutions  per  minute 

N  —  number  of  pairs  of  poles  in  the  primary  winding  of 

the  motor 
/    =  frequency  of  applied  electromotive  force,  cycles  per 
second 

(100  -  j)  5 

01  = 

100 

in  which  Si  =  actual  speed  of  motor,  revolutions  per  minute 
s    =  slip,  per  cent. 

Table  of  Synchronous  Speeds 


Number  of  pain  of  poles  in 
motor  primary 


Frequency,  cycles  per 

second 

IS 

25 

60 


Synchronous  speed,  revolutions  per 
minute 


900 

450 

300 

225 

180 

ISO 

128 

1500 

7S0 

500 

375 

300 

250 

214 

3600 

1800 

1200 

900 

720 

600 

5M 

Selection  of  Gear  Ratio.  In  the  following  the  gear  ratio  is  the 
ratio  of  the  number  of  teeth  on  the  driven  gear  to  the  number  of 
teeth  on  the  driving  motor  pinion.  The  ratio  of  the  number  of 
revolutions  of  the  motor  shaft  per  unit  time  to  the  number  of  Fevo- 
lutions  of  the  car  axle  driven  by  that  motor  is  equal  to  the  gear 
ratio.  The  speed  at  which  a  car  having  a  given  driving  wheel 
diameter  will  be  moved  by  given  motors  at  a  given  current  and  elec- 
tromotive force  depends  (neglecting  the  variation  of  train  resistance) 
upon  the  gear  ratio.  If  the  gear  ratio  be  increasedy  the  speed  of 
the  car  at  a  given  current  will  be  reduced,  the  tractive  effort  at  the 
driving  wheel  treads  will  be  increased,  and  the  possible  rate  of 
acceleration  will  consequently  be  increased.  If  the  gear  ratio  be 
reduced  J  the  speed  of  the  car  at  a  given  current  will  be  increased, 
the  tractive  effort  at  the  driving  wheel  treads  will  be  reduced, 
and  the  possible  rate  of  acceleration  will  consequently  be  decreased. 
Thus,  with  a  low  gear  ratio,  greater  current  will  be  required  to  pro- 
duce a  given  tractive  effort  and  acceleration  than  would  be  reqmred 
with  a  higher  gear  ratio.  (For  effect  of  gear  ratio  and  electromotive 
force  on  speed  and  tractive  effort  characteristics  see  p.  242.) 
The  proper  gear  ratio  to  be  used  with  a  given  car  depends  upon  the 
service  the  car  is  to  render  and  the  character  of  the  track  over 
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which  it  is  to  be  operated.  Whether  or  not  the  gear  ratio  once 
proper  will  be  proper  at  a  future  time  will  depend  upon  whether 
or  not  the  service  requirements  and  character  of  the  track  remain 
constant;  for  example,  a  route  may  at  one  time  require  a  few  stops 
widely  separated  and  on  it  high  maintained  maximum  speeds  may 
be  permitted^or  necessitated;  later  this  same  route  may  require 
many  stops  close  together,  thus  permitting  only  low  maximum 
speeds.  A  gear  ratio  satisfactory  in  the  first  case  would  be  un- 
satisfactory in  the  second.  Frequently  a  car  is  required  to  give 
both  dty  and  suburban  or  interurban  service  or  a  combination 
of  the  three.  It  is  in  such  cases  that  unsuitable  gear  ratios  are 
probably  most  often  used — the  common  error  being  to  use  a  gear 
ratio  lower  than  is  necessary.  This  is  brought  about  by  not  giving 
the  requirements  of  city  service  due  consideration  wMle*  seeking 
high  speeds.  Unless  field  control  be  resorted  to,  a  compromise 
based  upon  the  different  classes  of  service  required  must  be  made. 
Where  it  is  possible  to  use  field  control  the  low  speed  service  will 
largely  determine  the  proper  gear  ratio.  The  proper  gear  ratio  is 
the  one  with  which,  ouier  things  remaining  constant,  Qie  required 
service  is  afforded  at  a  minimum  cost  for  energy  and  maintenance. 
As  above  noted,  this  will  be  determined  by  the  conditions  to  be  met, 
but  in  general  the  proper  gear  ratio  is  tne  highest  with  which  the 
necessary  schedule  can  be  maintained  (with  allowance  for  low  vol- 
tage and  making  up  lost  time)  without  establishing  a  dangerously 
high  armature  speed  on  descending  grades.  Various  authorities 
have  estimated  that  by  the  installation  of  proper  gearing  in  existing 
equipments  from  5  to  15  per  cent,  of  the  energy  now  used  for  trac- 
tion could  be  sav^.  This  saving  is  accompanied  by  a  decrease  in 
maintenance  costs  and  the  schedules  are  not  impaired  by  the  change. 
The  following  table  from  tests  on  the  Brooklyn  Rapid  Transit 
System  shows  that  by  increasing  the  gear  ratio  a  saving  of  10  per 
cent,  in  energy  consumption  was  secured  and  the  original  schedule 
was  nearly  maintained  even  though  the  number  of  stops  per  mile 
was  increased. 


Tests  made 
in  1 90s 


Tests  made 
in  191 1 


Average  number  of  stops  per  mile 

Average  number  of  slow-downs  per  mile. 

Schedule  speed,  miles  per  hour 

Weight  of  car,  tons 

Average  passenger  load,  pounds 

Weight  of  car  and  average  load,  tons. . . 

Seatmg  capacity 

Gear  ratio , 

Watt  hours  per  car  mile 

Watt  hours  per  ton  mile 


7.2 
X  7.9 
8.2 
16.22 
3040 . 00 

17.77 

38.00 

3. 58 

21S72.00 

150.4 


10.3 

7.2 
8.x 
18. II 
2860.00 

19.54 

38.00 

4.12 

2640 . 00 

135. 1 


Where  stops  are  infrequent,  as  in  suburban  and  interurban  ser- 
vice, the  possibility  of  maintaining  comparatively  high  maximum 
speeds  for  a  considerable  length  of  time,  together  with  the  possibility 
of  long  coasting  periods,  make  rapid  rates  of  acceleration  and  brak- 
ing of  minor  importance  and  a  comparatively  low  gear  ratio  may 
be  used  to  advantage.    Where  stops  are  frequent,  as  in  dty  service. 
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there  is  little  or  no  opportunity  for  operation  at  high  mazunum 
speeds,  high  rates  of  acceleration  and  braking  are  necessary  and 
there  may  be  little  oppkortunity  for  coasting.  If  a  low  gear  ratio 
is  to  be  used  in  such  city  service,  a  larger  motor  must  be  emplo3red 
than  would  be  necessary  with  a  higher  gear  ratio  and  there  will  be 
a  waste  of  energy.  The  use  of  a  too  low  gear  ratio  with  motors 
which  would  be  laige  enough  if  a  higher  gear  ratio  were  used  causes 
the  motors  to  operate  in  series  or  on  resistance  during  a  too  great 
part  of  the  time.  This  is  equivalent  to  operating  the  motors  on  a 
voltage  lower  than  normal..  The  motors  are  overloaded,  and,  in 
some  cases,  burned  out,  rheostats  and  controllers  are  overworked 
and,  in  some  cases,  generating  stations  and  substations  are  greatly 
overloaded  and  the  load  factor  is  abnormally  low.  All  tlii<^  is 
accompanied  by  a  waste  of  energy. 

Figs.  56  to  61  by  Mr.  N.  W.  Storer,  Electric  Journal,  1908,  show 
some  of  the  effects  of  different  gear  ratios  when  applied  to  a  certain 
motor  equipment.  The  example  is  a  specific  one  in  which  it  is 
desired  to  determine  the  best  gear  ratio  to  use  with  equipment 
already  in  hand.  In  the  preparation  of  these  curves  the  folu>wing 
conditions  were  assumed: 

Weight  of  car  loaded 40  tons 

Number  of  motors 4, 

Size  of  motors 75  h.p. 

Line  voltage 500  volts 

Size  of  wheels 33  in. 

Length  of  run 0.6  mile 

Schedule  speed 20  miles  per  hour 

Length  of  stop 10  seconds 

Rate  of  braking 1.5  miles  per  hour  per  second. 

Figs.  56,  57  and  58  show  the  results  obtained  with  a  constant  ac- 
celerating current  of  138  amperes  for  all  gear  ratios.     Figs.  59, 60  and 
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Pig.  56. — Typical  performance  curves-  of  car  with  different  gear  ratios  and 

constant  accelerating  current. 

61  show  the  results  obtained  when  accelerating  at  a  constant  rate 
of  1.5  miles  per  hour  per  second  for  all  gear  ratios.  Fig.  56  shows 
the  time  required  to  run  with  power  on,  time  for  coasting  and  the 
time  for  the  maximum  accelerating  current;  or,  in  other  words, 
the  time  for  running  on  resbtance.    The  time  for  the  maximum 
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accelerating  current  varies  from  37.5  seconds,  with  the  2:1  gear 
ratio,  to  6.8  seconds  with  4.5  :  i  gears.  At  the  same  time,  the  rate 
of  acceleration  varies  from  0.8  mile  per  hour  per  second  to  2.1  miles 
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Fig.  57. — Typical  performance  curves  of  car  with  different  gear  ratios  and 

constant  accelerating  current. 


•to 

GearBatio 
Fig.  58. — Typical  performance  curves  of  car  with  different  gear  ratios  and 

.  constant  accelerating  current. 

per  hour  per  second.  Fig.  57  shows  that  the  average  voltage  of  the 
motor  while  pwwer  is  on  is  only  310  volts  with  2:1  gears,  while  it 
rises  to  480  volts  with  4.5  :  i  gears.    Motors  are  overloaded  when 
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the  voltage  drops  badly,  and  tiiis  is  just  as  true  when  the  average 
voltage  applied  to  the  motor  is  lowered  by  changing  the  gear  ratio. 
This  fact  will  be  more  readily  appreciated  when  it  is  seen  that  the 
average  rate  of  taking  current  m>m  the  line  is  130  amperes  per 
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Pig.  59> — Typical  performance  curves  of  car  with  different  gear  ratios  and 

constant  rate  of  acceleration.         "^ 

motor  with  the  2  :i  gear  and  only  52  amperes  with  the  4.5  :i. 
The  square  root  of  the  mean  square  current  per  motor  is  87  amperes 
for  the  2  :  i  gear  and  49  amperes  for  the  4.5  :  i  gear.    The  curves 
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Fig.  60. — Typical  performance  curves  of  car  with  different  gear  ratios  and 

constant  rate  of  acceleration. 

show  average  watts  loss  in  the  motor  in  copper  and  iron  and  the  total 
electrical  loss.  They  show  that  the  motor  losses  will  be  a  minimum 
with  the  maximum  gear  reduction.  (The  maximum  gear  reduction 
possible  for  this  schedule  would  not  be  commercial  as  there  is  ab- 
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solutely  no  margin  for  making  the  schedule,  but  it  is  shown  simply 
to  point  out  the  fact  that  the  greater  the  gear  reduction  for  a  given 
schedule  the  lower  will  be  the  losses  in  the  motor.)  The  curves  in 
Fig.  58,  however,  show  that  the  energy  consumption  is  a  minimum 
at  about  4  :  i  gear  reduction.  The  increase  in  watt-hours  per  ton 
mile  between  4 :  i  and  4.5 :  i  is  coincident  with  and  due  to  the 
increase  in  speed  at  the  time  the  brakes  are  applied,  as  shown  in 
Fig.  56.  The  rise  in  watt-hours  per  ton  mile  with  the  2  :  i  gear  ratio 
is  due  to  the  increased  loss  in  resistance  and  motors  as  well  as  in  the 
brakes.  The  motor  loss,  it  will  be  seen,  is  controlled  almost  en- 
tirely by  the  square  root  of  the  mean  square  current,  as  the  iron  loss 
is  small  at  all  times  and  remains  close  to  300  and  350  watts  for  all 
gear  ratios.  Fig.  59  corresponds  to  Fig.  56,  Fig.  60  to  Fig.  57,  and 
Fig.  61  to  Fig.  58.    A  comparison  of  these  curves  indicates  that 
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Fig.  61. — -Typical  performance  curves  of  car  with  different  gear  ratios  and 

constant  rate  of  acceleration. 

while  a  constant  rate  of  acceleration  produces  a  nearly  constant 
energy  consumption  per  ton  mile,  the  motors  will  be  very  much 
more  overloaded  with  the  lower  gear  ratios  at  the  constant  rate  of 
acceleration  than  when  accelerating  at  the  constant  current.  This 
would  be  apparent  only  in  commutation,  since  the  total  losses  in 
the  motor,  tor  any  given  gear  ratio,  will  be  approximately  the  same, 
as  seen  in  Figs.  57  and  60,  regardless  of  the  rate  of  acceleration. 
This  is  probably  true  only  witiun  narrow  limits. 

Limiting  Armature  Speed.  In  a  paper  by  Messrs.  N.  W.  Storer 
and  G.  M.  Eaton,  A.I.E.E.,  19 10,  it  is  stated  that  for  economical 
designs  it  is  not  advisable  to  allow  a  maximum  armature  speed  of 
more  than  2  or  2.5  times  the  speed  at  which  the  motor  develops 
its  continuous  rated  power.  If  a  greater  ratio  than  this  is  required, 
the  armature  speed  must  be  reduced.  The  weight  and  cost  for  a 
given  continuous  capacity  will  increase  directly  with  this  ratio. 

Ventilation  <rf  Motors 

The  capacity  of  a  railroad  motor  as  limited  by  heating  depends 
upon  the  rapidity  with  which  the  heat  can  be  carried  from  its 
18 
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origin  to  the  surroundings  of  the  motor.  The  heat  generated  in 
the  armature  and  commutator  together  with  a  part  of  that  generated 
in  the  field  coils  and  cores  is  conducted,  to  and  radiated  into  the  air 
within  the  motor.  It  is  then  carried  on  by  convection  and  ventila- 
tion (natural  or  forced)  directly  to  the  outside  air  or  to  the  motor 
frame  through  which  it,  together  with  a  part  of  the  heat  generated 
in  the  field  coils  and  cores,  is  conducted  to  the  air  surrounding  the 
motor.  The  worst  condition  in  this  connection  exists  when  the 
motor  is  closed  and  there  is  no  ventilation  or  circulation  of  air  tend- 
ing to  distribute  the  heat  within  the  motor.  Ventilation  may  be 
classified  into  natural  and  forced.  These  may  be  further  sub- 
divided as  follows: 

f^\  -NTof^i^oi  /  Internal  circulation. 

{a)  XMaturai  ^  circulaUon  of  outside  air. 

( Internal  circulation. 
Circulation    of    outside 


/,N  i7„_-^  /  Blower  within  the  motor 
KO)  roTcea  ^  510^^^  outside  motor. 


air. 


Internal  Circulation.  In  this  process  the  heat  is  distributed  by 
keeping  the  warm  air  stirred  up  through  the  ducts  and  by  the  in- 
herent windage  of  the  motor.  This  aids  in  eliminating  hot  spots 
in  the  windings.  This  internal  circulation  may  be  forced  by 
"blowers*'  (fans)  built  on  the  armature  shaft. 

Natural  Circulation  of  Outside  Air.  This  method  is  most  used 
during  warm  weather  and  when  the  absence  of  moisture  or  great 
amounts  of  dirt  allows  the  interior  of  the  motor  to  be  opened  to  the 
outside  air.  The  motors  are  operated  with  perforated  covers  or 
with  covers  removed.    The  residts  are  quite  satisfactory. 

Forced  Circulation  of  Outside  Air  by  Blower  within  the  Motor. 
In  this  method  a  fan  is  mounted  on  the  armature  shaft  at  the  pinion 
end  of  the  armature  and  inside  the  motor.  This  fan  drives  air  out 
of  the  motor  through  openings  in  the  pinion  end  of  the  motor  and 
outside  air  rushes  through  a  screened  opening,  over  the  armature 
and  field  coils,  under  and  through  the  commutator  and  then 
through  longitudinal  ducts  in  the  armature  core.  When  the  car 
comes  to  a  standstill  the  forced  ventilation  ceased.  The  course 
taken  by  the  air  in  a  typical  direct-current  motor  employing  this 
method  of  ventilation  is  indicated  in  Fig.  62.  Relative  to  this 
motor,  it  is  stated  in  the  Electric  Railway  Journal,  191 2,  that  when 
completely  enclosed  and  with  no  external  ventilatfon,  the  motor  will 
perform  a  service  similar  to  ordinary  standard  motors  of  the  same 
hourly  rating  but  of  much  greater  weight.  The  same  article  states 
that  a  four-motor  equipment  run  closed  in  interurban  service  on  6co 
volts  will  handle  a  car  weighing  24  tons,  at  22.5  miles  per  hour  with 
one  stop  per  mile.  With  external  ventilation  it  will  handle  a  car 
weighing  34  tons  in  the  same  service  with  the  same  temperature  rise. 

Forced  Circulation  of  Outside  Air  by  Blower  Outside  Motor. 
The  method  consists  in  forcing  outside  air  through  the  motor  from 
a  separate  motor-driven  blower.  An  advantage  of  this  method 
over  all  the  others  noted  is  that  the  drcidation  may  be  made  to 
continue  while  the  train  is  standing.  It  also  assures  clean,  dry, 
ventilating  air.    This  method  is  most  commonly  used  on  loco- 
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motives.  On  each  1500-volt  locomotive  of  the.  Piedmont  Traction 
Company  a  blower  is  mounted  on  the  dynamotor  shaft,  and  from 
the  blower  the  air  is  conducted  to  the  motors  through  proper  con- 
duits The  dynamotor  is  also  used  to  drive  the  air  compressor. 
An  example  of  the  satisfactory  application  of  this  method  to  motor 
cars  is  found  in  the  cars  of  the  Pennsylvania  R.  R.  for  use  on  Long 
Island  and  through  tunnels.  The  blower  outfit  consists  of  a 
iH  h.p.  283o-r.p.m.  motor,  to  the  shaft  of  which  is  attached,  at 
each  end,  a.  blower  fan  g  in.  in  diameter  and  3  in.  wide.  £ach 
of  these  fans  is  capable  of  forcing  between  400  and  500  cu.  ft.  of 


F1C.63. — Geoeral   Electric  motor   cooled  by  forced  ventilation. 

air  per  minute  through  the  motor  to  which  it  is  connected.  The 
traction  motors  are  interpole  motors  normally  rated  at  215  h.p., 
but  by  the  ventilation  they  are  enabled  to  do  work  which  would 
otherwise  require  motors  rated  at  about  150  h.p.  each.  -The  No. 
0.69  ("Colonial  Type")  New  Haven  locomotive  has  eight  compen- 
sated series  type  single-phase  motors  nominally  rated  at  170  h.p. 
each,  and  having  a  continuous  rating  of  145  h.p.  Forced  ventila- 
tion for  cooling  Uiese  motors  and  the  main  transformer  is  secured 
by  means  of  two  blower  motors  mounted  under  the  cah  and  be- 
tween the  trucks.  Each  blower  set  consists  of  a  7.5  h.p.  single-phase 
motor  and  a  20-in.  Sirocco  fan  which  can  deliver  approximately 
6000  cu.  ft.  of  air  per  minute.  Due  to  truck  movement  and 
retricted  space  there  are  difficulties  in  applying  this  method  to 
ordinary  urban  and  interurban  cars. 

Commutator 
Uaterial  and  Construction  (A.EJ{.E.A.  Approved  Practice}. 
Hard-drawn  copper  is  recommended  for  commutators  as  possessing 
greater  uniformity  in  size  and  hardness  over  the  forged  bars  and 
corresponding  superiority  in  life  and  service.  Attenrion  is  also 
called  to  the  importance  of  material  and  workmanship  in  the  con- 
slruction  of  commutators  being  such  as  to  insure  a  solid  structure 
which  will  not  shrink,  become  loose,  or  get  out  of  true.  Built-up 
mica  is  preferable  for  commutator  segments,  but  it  is  very  im- 
portant that  the  building-up  sbotild  be  even  and  compact.    As- 
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sembled  commutators  should  be  baked  at  230  deg.  C.  and  com- 
pressed while  hot  to  insure  solidity,  clamps  being  tightened  before 
pressure  is  released. 

Commutator  Insulation  Test    Bar  to  bar  test  recommended  in 
Report  of  Committee  on  Electrical  Equipment,  A.E.R.E.A.,  1907. 
New  commutators — 220  volts    d.c.    5  seconds. 
Old    commutators — no  volts    d.c.    5  seconds. 
Commutator  Wear.    The  following  two  tables  are  from  the  re- 
port of  the  1909  Committee  on  Equipment,  A.E.R.E.A.     . 

(i)  Motors  used  in  Denver 


Commutator 

Commutator 

Type  motor 

diameter. 

diameter. 

Remarks 

new,  inches 

scrapped,  inches 

GE-S3 

1:1 

loH 

GE-S8 

loK 

8H 

Increased  H  in*  diameter 
over  original  factory  size. 

GE-800 

loH 

7H 

Increased  i  in.  diameter 
over  original  factory  size. 

W.P.  so 

7 

SH 

West.  loi  P 

loH 

8M< 

West.  3 

8J4 

6H 

(2)    Motors   used   on    the   International    Railway    Co., 

Buffalo 


Type  motor 

Commutator  diameter, 
new,  inches 

Commutator  diameter, 
scrapped,  inches 

GE-S7 

GE-67 

GE-74 

GE-80 

GE-800 

GE-iooo 

iiM« 
9H 
9H 
8H 

8^6 
7H 
894 
7H 
7H 
6% 

The  wear  on  a  commutator  is  due  to  the  friction  between  brush 
and  commutator  and  the  burning  away  of  material  by  sparking, 
both  of  which  are  increased  by  vibration.  The  wear  due  to  fric- 
tion increases  and  the  burning  away  of  brush  and  commutator  de- 
creases with  an  increase  of  brush  pressure.  Mr.  C.  W.  Squier, 
Electric  Railway  Journal,  1909,  states  that  tests  have  shown  that 
in  service  the  wear  due  to  burning  is  much  greater  than  the  wear 
due  to  friction  and,  as  a  result,  the  wear  of  the  commutator  and 
brushes  follow  each  other;  that  is,  the  brush  which  wears  most 
rapidly  also  produces  the  greatest  commutator  wear.  He  gives 
the  following  average  figures  for  five  different  types  of  brushes,  a 
number  of  each  type  having  been  installed  for  test  purposes.  The 
brush  tension  was  from  5.2  lb.  to  6.4  lb.  per  square  inch  of  brush 
contact  surface: 


Brush  wear  per  motor  per 
1000  car  miles,  inches 


o 
o 
0 
o 
o 


648 
63 

54 

188 

III 


Reduction  in  circumference 

of    commutator    per    xooo 

car  miles,  itiches 

0.089 

0.0817 

0.074S 
o . 0084 
o . 0065 


(To  obtain  the  wear  per  brush,  divide  the  figures  by  6.) 
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Cost  of  Conmmtator  Manafacture.  The  following  table  from 
Electric  Railway  Journal,  1910,  is  for  commutators  manufactured 
in  the  shops  of  a  Canadian  railway  company  using  drop-forged 
commutator  bars. 

Cost  of.  Complete  Commutators 

West.-3  motor 

Commutator  bars,  47)4  lb.,  at  27 H  cents $13 .  06 

Mica,  3^  lb.,  at  I1.75 6s6 

Pour  mica  circles,  at  75  cents  each 3 .  00 

One  flat  mica  ring^  at  70  cents  each o .  70 

One  vulcabeston  nng,  at  65  cents  each o. 65 

Commutator  shell  (labor  included) 3  •  00 

Labor 165 

|28.6a 

WP-50  motor 

Commutator  bars.  32  lb.,  at  a7H  cents 18 .  80 

Mica,  3H  lb.,  at  I1.40 5-35 

Two  mica  circles,  at  70  cents  each i .  40 

Two  mica  circles,  at  75  cents  each 1 .  SO 

Commutator  shell  (labor  included) 3  •  00 

Labor ." 1-65 

I21.60 

GB-800  motor 

Commutator  bars,  39H  lb.,  at  27H  cents |io.  86 

Mica,  sH  lb.,  at  I1.40 S-2S 

Pour  mica  circles,  at  70  cents  each 2 .  80 

One  flange  mica  ring,  at  |x.35  each i . 35 

One  vulcabeston  ring,  at  85  cents o .  85 

Commutator  shell  (labor  included) 3  •  00 

Labor 165 

I2S.76 

GB-iooc  motor 

Commutator  bars,  49H  lb.,  at  27 H  cents |i3.6x 

Mica,  4  lb.,  at  li .  75 7  •  o<> 

Two  mica  circles,  at  85  cents  each i .  70 

Two  mica  circles,  at  90  cents  each. i  *  80 

Commutator  shell  (labor  included) -  3  •  00 

Labor •  •  ^65 

$28.76 

GE-67  motor 

Commutator  bars,  SSH  lb.,  at  27H  cents $iS  •  26 

Mica.  4  lb.,  at  la. 00 800 

Two  mica  circles,  at  90  cents  each i  •  80 

Two  mica  circles,  at  95  cents  each i  .90 

Commutator  shell  (labor  included) 3  •  00 

Labor '-^5 

I31.6X 

GB-80  motor 

Commutator  bars,  69H  lb.,  at  27 W  cents. $19.  n 

Mica.  aH  lb.,  at  I2.S0 10.62 

Two  nuca  circles,  at  |i .  15  each 2  •  30 

Two  mica  circles,  at  li.io  each 2  •  20 

Commutator  shell  Gabor  included) 3  •  00 

Labor ^-^S 

I3S.88 
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Commutator  Manufacture.  Following  is  an  outtine  of  the  proc- 
ess of  constructing  and  finishing  a  commutator  in  a  railway  shop: 
(i)  Bars  assembled  in  four-piece  clamping  plate  (Fig.  63  is  t3^ical) ; 
(2)  mica  inserted;  (3)  bars  squared  and  clamps  tightened;  (4) 
bars  bored  in  lathe  chuck;  (5)  tested  for  short  circuit;  (6)  bars 
fastened  to  commutator  core;  (7)  clamps  removed;  (8)  tested 
for  short  circuit;  .(9)  baked  over  gas  to  soften  mica;  (10)  com- 
mutator tightened,  then  allowed  to  cool;  (11)  face  turned;  (12) 
bars  slotted  for  leads;  (13)  tested  for  short  circuit;  (14)  pressed 
onto  armature  shaft  at  3  to  7  tons  pressure;  (15)  locked  to  shaft; 
(16)  slotted. 


Standard  1  Bolt 


Fig.  63. — Glamp  for  GE-800  commutators. 

Repair  of  Commutator  by  the  Use  of  Water  Glass,  When  a 
short  circuit  occurs  between  two  bars  in  a  commutator  at  or  near  its 
outer  surface,  the  conducting  material  connecting  the  bars  is 
generally  removed  by  means  of  a  sharp  tool.  Since  this  will  dis- 
turb more  or  less  of  the  mica,  a  small  crevice  will  be  formed  between 
the  segments.  This  crevice  may  be  filled  with  waterglass,  which 
solidifies  and  provides  a  good  bearing  surface,  besides  acting  as  an 
excellent  insulation. 

Commutator  Defects  Causing  Bad  Conunutation.  Mica  high, 
bars  high,  bars  flat,  bars  improperly  spaced,  surface  dirty,  short 
circuits  between  bars,  commutator  not  true,  commutator  vibrating, 
conunutator  slipping  on  shaft. 

Purpose  and  Advantage  of  Commutator  Slotting.  The  purpose  of 
slotting  (also  known  as  undercutting  or  grooving)  a  commutator  is 
to  make  the  presence  of  high  mica  impossible,  thus  permitting  the 
use  of  a  softer  brush  of  better  conductivity  and  making  better  con- 
tact with  the  commutator  than  would  be  permitted  if  the  brush 
were  required  to  grind  the  mica  surface  even  with  that  of  the 
commutator  bars.    The  slotting  permits  the  use  of  mica  which,  due 
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to  its  abrasive  qualities,  would  be  prohibitive  in  an  unslotted  corn* 
mutator.  The  reduction  in  the  grinding  action  between  commutator 
and  brush  reduces  the  amount  of  copper  and  carbon  dust  tending  to 
impair  the  insulation  within  the  motor.  The  trouble  from  flash- 
overs  is  also  reduced.  Not  only  are  commutator  wear  and  brush 
wear  reduced,  but  there  is  a  saving  due  to  the  reduction  in  expense, 
delay,  and  inconvenience  connected  with  removing  and  replacing 
armature,  turning  and  repairing  commutator  or  replacing  a  defect- 
ive commutator  with  a  new  one.  There  is  little  to  be  gained  by 
slotting  the  commutator  on  a  motor  where  the  brushes  used  have 
the  abrasive  qualities  necessary  to  keep  the  mica  down  as  fast  as  the 
copper  is  removed  without  abnormal  wear  of  brushes  and  commuta- 
tor, and  where  such  brushes  have  sufficient  conductivity  for  the 
service. 

The  following  commutator  wear  data  is  from  operation  on  the 
Louisville  and  Southern  Indiana  Ry. 

Before  slotting 
Motor 

GE  57  Average  mileage  between  turnings,  38,500 

GB  1000  Average  mileage  between  turnings,  17,000 

GB  800  Average  mileage  between  turnings,  12,000 

GE  57  Average  mileage  per  brush,  16,000,  hard  brush  used 

GB  1000  Average  mileage  per  brush,    1,000,  hard  brush  used 

GB  800'  Average  mileage  per  brush,       800,  hard  brush  used 

After  slotting 

GE  57  Average  mileage  between  turnings,  92,000 

8E  zooo  Average  mileage  between  turnings,  68,000 

B  800  Average  mileage  between  turnings,  42,500 

GE  57  Average  mileage  per  brush,  58,000,  soft  brush  used 

GE  1000  Average  mileage  per  brush,  37,000,  soft  brush  used 

GE  800  Average  mileage  per  brush,  22,000,  soft  brush  used 

Dimensions  of  Slot  The  width  of  the  slot  should  be  equal  to 
that  of  the  mica  between  the  commutator  bar;  that  is,  all  the  mica 
should  be  removed  between  the  surface  of  the  commutator  and  the 
bottom  of  the  slot.  The  depth  of  the  slot  that  can  be  most  satis- 
factorily used  will  depend  upon  the  ability  to  keep  it  clean.  The 
shallow  slot  will  be  kept  free  from  dirt  and  dust  more  easily,  but 
the  slotting  would  have  to  be  done  more  frequently.  The  depth 
ranges  from  Ha  in.  to  H  in.  in  practice. 

The  data  in  the  following  table  were  compiled  from  information 
given  by  the  Proceedings  of  the  Am.  El.  Ry.  Eng.  Assn.,  also  the 
Electric  Railway  Journal. 


Road 


Depth  of 

commutator 

slot,  inches 


Oneida  Railway 

Seattle  Electric 

Puget  Sound  Electric  Ry 

Boston  Elevated  Ry 

Ohio  Electric  Ry 

Connecticut  Co.  (Hartford  shops) . 
Worcester  Consolidated  Street  Ry. 


1909 
1909 
1909 
1910 

1912 
1913 
1912 


^2 
M« 
Hi 
He 
M« 

H6 


Manufacturers  have  been  slotting  the  commutators  to  a  depth 
of  about  H*  in.    In  the  Electric  Railway  Journal,  191 2,  it  is  stated 
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that  the  commutator  of  the  New  Orleans  Railway  and  IJght  Co. 
are  slotted  to  a  depth  o£  from  M  in.  to  Sfi  in.  when  the  motors  arc 
received.  After  slotting,  these  commutators  are  heated  with  a 
gasolene  blow  torch  and  a  mixture  of  plaster  of  Paris  and  shellac 
is  smeared  into  the  slot  with  a  putty  knife  and  allowed  to  cool.  It 
is  stated  that  this  practice,  while  avoiding  too  frequent  slotting, 
keeps  carbon  dust  from  packing  between  tbe  bars.  In  discussion, 
Am.  El.  Ry.  Eng.  Assn.,  igog,  Mr.  W.  J.  Harvie,  then  Chief  En- 
gineer of  the  Oneida  Railway  Co.,  mentioned  having  found  little 
improvement  by  slotting  commutators  Miiri.,  but  that  slotting  Hj  in. 
permitted  the  overhauling  period  to  be  increased  to  50,000  miles. 

Slotting.  The  greatest  satisfaction  is  reported  from  the  use  of  the 
shaper  and  the  circular  saw.  The  latter  is  most  used.  The  saw  is 
belt  driven,  or  driven  by  an  electric  motor,  or  a  compressed  ail 
motor.    In  some  instances,  the  slotting  „ 

is  done  while  the  armature  and  commu-  LJ 

tator  are  mounted  in  a  laliie;  in  other 

instances,  a  special  stand  is  used  to  hold         } — 'i  _  _, 

the   armature   and  commutstor  during     ^^..-Jvc  ^  ~ 

the  process.     Provision  should  be  made     ^ — "Si  .. .  ^^fi^ 


Pig.  64. — CommutBtor  alottM  for  use  on  lathe,  Boston. 

the  slots.  Compressed  air  is  also  used  for  cleamng  and,  inci- 
dentally, it  assists  in  keeping  the  saw  cool.  The  burr  left  at  the 
edge  of  the  slot  during  the  slotting  is  removed  by  a  sham  knife,  a 
file,  or  by  taking  a  very  light  finishing  cut  in  the  lathe.  Tlie 
saws  in  use  for  slotting  have  diameters  of  from  0.75  to  1.35  in.  and 
are  of  the  same  thickness  as  the  mica  to  be  removed.  They  have 
from  sixteen  to  thirty  teeth  (early  saws  had  more  teeth  but  were 
unsatisfactory).  Saw  speeds  in  use  vary  from  1000  to  looo  r.pjn. 
The  time  required  to  slot  a  commutator  depends  principally  upon 
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the  Dumber  of  segments  and  the  hardness  of  the  mica  in  the  com- 
mutator. CommutatoiB  have  been  reported  to  have  been  slotted 
in  periods  varying  (rom  8.5  min.  to  i  hour  per  commutator. 
Raste  in  sktttiD^  may  lead  to  more  trouble  tiian  existed  before  slot- 
ting.   A  few  minutes  may  be  well  spent  to  insure  a  dean  slot,  free 


FiC.  6s-— Commutator  Blotter  for  use  on  stand. 
from  burrs.  It  ia  very  important  that  no  thin  layer  of  mica  be  left 
at  the  edge  of  the  slot.  An  article  by  Mr.  F.  J.  Foote,  Ohio  Electric 
Railway,  in  the  Electric  Railway  Journal,  1912,  states  that  a 
machinist's  reeular  time  for  taking  the  preliminary  cut  on  the 
commutator,  slotting,  taking  the  finishing  cut  and  removing  the 
burrs  is  45  min.  for  a  73-bar  commutator  and  1  hour  for  a  105-bar 
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Fig.  64  shows  the  details  of  the  commutator  slotter  used  by  the 
Boston  Elevated  Railway.  The  slotting  tool  is  mounted  on  a  shaft 
driven  by  a  spindle  carried  in  the  bearing  shown  in  the  side  elevation, 
and  maximum  facility  of  adjustment  is  afforded  by  the  horizontal 
and  vertical  spindles  illustrated.  The  cutting  tool  can  be  raised  to 
a  maximum  height  of  14H  in.  above  the  ways  of  the  lathe,  and  low- 
ered to  a  height  of  9H  in.  above  the  bed.  The  maximum  width  of 
the  frame  supporting  the  tool  and  driving  pulley  is  7  in.  The  de- 
vice is  locked  on  the  carriage  of  the  lathe. 

Fig.  65  shows  the  details  of  a  commutator  slotter  for  use  on  a 
stand.  The  center  shown  in  the  plan  receives  the  commutator  end 
of  the  armature  shaft,  the  other  center  being  at  the  opposite  end  of 
the  stand.  Adjustment  for  different  sizes  of  commutators  is  ob- 
tained by  a  screw  operated  by  a  crank  (shown  at  the  bottom  in  the 
elevation).  The  downward  motion  is  checked  by  the  thumb  screw. 
If  the  commutator  segments  are  out  of  adjustment,  adjustment  to 
enable  the  saw  to  follow  them  is  made  by  the  small  hand  wheel  at 
the  right.  In  the  process  of  slotting,  the  saw  is  advanced  along  the 
slot  by  a  lever,  a  part  of  which  is  shown  in  the  elevation. 

Brush  Holders 

Brush  Holder  Faults  Causing  Defective  Commutation.  Fol- 
lowing ar§  some  of  the  more  common  brush  holder  faults  which  lead 
to  defective  commutation:  Improper  brush  position,  improp>er  spac- 
ing of  brushes,  vibration  of  brush  gear ^  spring  tension  too  great,  brush 
pressure  not  radial  to  commutator,  sluggish  action  due  to  construc- 
tion or  friction  or  gummed  parts  (the  last  occurs  most  often  when 
treated  brushes  are  used),  chattering,  lack  of  sufficient  bearing  sur- 
face between  brush  and  brush  holder,  bad  fit  (inherent  or  due  to 
wear)  between  brush  and  brush  holder. 

Brush  Setting  by  Trial.  The  correct  brush  position  may  be 
approximated  by  taking  the  speed  of  the  motor  in  both  directions 
with  each  of  several  brush  settings.  The  setting  which  gives  approxi  - 
mately  the  same  speed  in  both  directions  is  the  one  to  use.  In 
making  this  test,  the  brush  should  make  contact  over  the  same  por- 
tion of  its  face  while  running  in  both  directions,  and  there  should  be 
no  brush  play  in  the  direction  of  rotation  when  the  motor  is  reversed. 

Brush  Setting  by  Inspection  on  the  Interpole  Motor.  Where  the 
armature  conductors  can  be  traced  from  the  commutator  bars  back 
under  the  poles,  it  is  feasible  in  general  to  locate  the  correct  setting 
by  the  position  of  the  commutated  coil  with  respect  to  the  commu- 
tating  jx)les.  In  standard  practice  the  throw  or  span  of  the  coil  is 
made,  as  nearly  as  possible,  equal  to  the  pole  pitch.  In  a  parallel 
type  of  winding  where  the  number  of  slots  is  an  exact  multiple  of  the 
number  of  poles,  the  space  of  the  coil  can  be  made  exactly  equal  to 
the  pole  pitch.  In  this  case,  if  the  winding  can  be  traced  through, 
the  brushes  can  be  so  set  that  a  coil  or  turn  exactly  under  the  middle 
of  the  commutating  poles  has  its  two  ends  connected  to  the  two 
adjacent  commutator  bars  which  are  symmetrically  short-circuited 
by  the  brush;  that  is,  the  mica  between  these  two  bars  should  be 
under  the  middle  of  the  brush.  To  carry  this  out  properly  it  is 
necessary  to  trace  the  conductor,  with  exactness,  through  the  slots. 
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When  there  are  several  separate  turns  side  by  side  in  one  slot,  it  is 

advisable  to  select  a  middle,  or  approximately  middle,  turn  for 

determining  the  brush  setting.    When  the  correct  brush  setting  has 

been  found,  the  brush  holder  should  be  locked  in  this  position. 

This  care  is  very  necessary  with  interpole  motors. 

Brush  Pressure  in  Practice.    The  following  table  showing  the 

practice  of  some  of  the  principal  electric  railways  in  the  United 

States,  regarding  brush  tension  per  hammer,  is  from  a  paper  by 

Mr.  C^  W.  Squier,  Brooklyn  Rapid  Transit  Co.,  Electric  Railway 

Journal,  1909: 

Boston  Elevated  Railway  Company '. 6  to  7  lb. 

Brooklyn  Rapid  Transit  Coxnpany 6^^  to  8  lb. 

Capital  Traction  Company,  Washington,  D.C 4\^  to  s^i  lb. 

Chicago  City  Railway  Company about  6  lb. 

Chicago  Railways  Company no  standard. 

Cincinnati  Traction  Comi>any no  standard. 

Hudson  &  Manhattan  Railroad  Company 4^  lb. 

Interborough  Rapid  Transit — New  York  Subway 6  to  8  lb. 

Interborough  Rapid  Transit — Manhattan  Elevated 4  to  6  lb. 

International  Railway  Company,  Buffalo: 

Genera]  Electric  1000  motors 7  lb. 

General  Electric  64  motors 4  lb.. 

General  Electric  74  motors 4  lb. 

General  Electric  S7  motors. '. 7  lb. 

General  Electric  800  motors 4  lb. 

Long  Island  Railroad  Company no  standard. 

Massachusetts  Electric  Company: 

General  Electric  90  motors 9  lb. 

All  other  motors 7  lb. 

Metropolitan  West  Side  Elevated  Railway,  Chicago 6  to  7  lb. 

Milwaukee  Electric  Railway  &  Light  Company 7  lb. 

New  York  Central  Railroad  Company: 

Electric  locomotives 8  lb. 

Motor  cars 6  lb. 

Northwestern  Elevated  Railway  Company,  Chicago 4  lb. 

Philadelphia  Rapid  Transit  Company 8  lb. 

Pittsburah-  Railways  Company 14  lb. 

United  Railways  Company,  St.  Louis no  standard. 

United  Railways  &  Electric  Company,  Baltimore: 

Westinghouse  3  motors 414  lb. 

.Westinghouse  12A  motors 4^  lb. 

Westinghouse  49  motors 5  lb. 

Westinghouse  38  motors 4  lb. 

Westinghouse  56  motors 6  to  6^4  lb. 

Westinghouse  lOiB  motors 5  lb. 

Westinghouse  lOiD  motors SH  to  6  lb. 

General  Electric  80  motors 5  to  sVi  lb. 

General  Electric  90  motors sH  to  6  lb. 

General  Electric  1000  motors 5^^  lb. 

General  Electric  800  motors 6  lb. 

Municipal  Traction  Company,  Cleveland 7  lb.  per  sq.  in. 

South  Side  Elevated  Railroad  Company,  Chicago. . .  .4H  to  5  lb.  per  sq.  in. 

"One-way"  Armature.  If  the  leads  of  an  armature  are  not  con- 
nected to  the  right  commutator  bars,  that  is,  if  leads  are  brought 
to  bars  in  advance  of  or  behind  the  correct  bars,  bad  commutation 
may  result,  the  motor  may  reverse,  or  it  may  operate  satisfactorily 
in  one  direction  but  unsatisfactorily  in  the  other  direction.  Similar 
operating  results  may  follow  from  the  slipping  of  the  commutator. 

Broken  Commutator  Leads.  Following  are  conditions  which 
have  been  found  to  be  the  direct  causes  of  or  causes  contributing 
to  the  breaking  of  commutator  leads:  Laminations  loose,  commuta- 
tor loose,  material  of  winding  faulty,  foo  much  manipulation  of  the 
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conductor  during  process  of  winding  and  connecting  to  commutator, 
lack  of  sufficient  support  of  leads,  coils  loose  in  slots.  During  the 
processes  of  taping  the  coil,  placing  it  in  the  armature  and  connect- 
ug  the  leads  to  the  commutator,  the  leads  should  be  subjected  to 
the  least  possible  amount  of  bending.  'Sharp  bends  should  be 
avoided.  In  cases  where  much  jarring  togetner  with  a  lack  of 
support  of  leads  between  the  end  of  the  armature  and  the  commuta- 
tor have  caused  breaking,  a  method  of  furnishing  support  has  been 
to^  fill  the  space  between  armature  core  and  commutator  with  a 
mixture  of  powdered  asbestos  and  shellac  forced  into  place  by  means 
of  a  tube  and  plunger.  Another  successful  method  is  to  tai>e  the 
lead  to  the  coil  for  a  considerable  distance  along  the  coil  end,  thereby 
lessening  the  amount  unsupported.  The  armature  coil  should  be 
tight  in  its  slot.  As  a  final  precaution  toward  keeping  the  core 
tight,  the  wedge  should  be  of  sufficient  thickness  to  be  held  tight 
under  the  bands. 

Brushes 

For  satisfactory  operation  with  an  unslotted  commutator,  a 
brush  should  have  such  abrasive  qualities  that  it  will  keep  the  mica 
ground  to  the  surface  of  the  commutator  without  excessively  wear- 
ing the  commutator,  and  at  the  same  time  it  should  have  sufficient 
conductivity  for  the  service  required.  It  should  also  make  good 
contact  with  the  commutator.  For  operation  with  a  slotted  com- 
mutator, a  brush  softer  than  that  which  gives  good  service  with  an 
unslotted  commutator  must  be  used,  otherwise,  as  experience  has 
shown,  the  commutator  will  be  worn  excessively.  Experience  has 
also  shown  that  an  extremely  soft  brush,  or  a  treated  brush,  is 
unsatisfactory  with  a  slotted  commutator  because  carbon  ground 
from  the  brush  sometimes  causes  short  circuits  between  the  bars. 
If  sparking  is  eliminated  at  all  loads,  a  soft  high-grade  carbon  brush 
with  very  little  ash  or  abrasive  material  may  be  used.  The  com- 
mutator will  then  run  a  long  time  without  perceptible  wear,  and  the 
life  of  the  brush  is  greatly  increased.  The  absence  of  carbon  and 
copper  dust  in  the  motor  is  favorable  to  insulation. 

Classificatioh  of  Railway  Motor  Brushes.  The  following  classi- 
fication is  suggested  in  the  report  of  the  1908  Committee  on  Main- 
tenance and  Inspection,  Am.  EL  Ry.  Eng.  Assn.: 

Class  I.    Coke  Brushes. 

Class  2.    Part  Coke  and  Part  Graphite  Brushes. 

Class  3.     Graphite  Brushes. 

Class  I,  Coke  Brushes,  These  are  generally  suitable  for  railway 
motors  of  approximately  50  h.p.  and  less,  with  ungrooved  commuta- 
tors operating  on  slow-speed  service,  sudi  as  dty  service,  switdiing 
locomotives,  air  compressors,  or  other  service'  where  the  abrasive 
and  polishing  quality  of  the  brush  is  necessary.  The  composition 
of  the  brush  is  mainly  coke. 

Class  2,  Part  Coke  and  Pari  Graphite.  These  are  medium,  having 
characteristics  between  classes  i  and  3.  Class  2  brushes  are  gen- 
erally smtable  for  motors  of  50  to  100  h.p.  in  interurban  and  subur- 
ban service  and  normally  used  with  grooved  commutators.  Should 
the  commutator  require  only  a  moderate  amount  of  abrasive  effect 
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to  keep  |M>lished,  these  brushes  may  operate  on  the  above  sizes  of 
motors  without  the  commutator  being  dotted.  Since  a  slotted  com* 
mutator  requires  less  polishing  effect,  class  2  brush  may  be  used  to 
considerable  advantage  on  motors  of  less  than  50  h.p.  in  dty  or  slow- 
speed  service,  provided  tlie  commutators  are  slottal. 

Class  3,  GraphUe  Brushes.  These  are  suitable  for  general  use  on 
slotted  commutators  and  on  motors  of  100  h.p.  and  over.  The 
graphite  brush  inherently  has  a  large  lubricating  nature  and  has  the 
power  of  carrying  a  large  current  per  square  inch.  The  lubricating 
quality  of  the  graphite  brush  serves  to  reduce  or  obviate  chattering 
and  constant  breakage  of  brushes.  The  abrasive  effect  of  graphite 
brushes  is  generally  low,  and  it  does  not  have  the  power  to  polisn  the 
commutator  and  wear  away  the  mica  and  therefore  should  be  used 
only  on  slotted  commutators.    The  composition  is  mainly  graphite. 

Specifications  for  Railway  Motor  Brushes.  The  following  gen- 
eral specifications  are  suggested  in  the  same  report: 

Marking  of  Brushes.  £a  ch  brush  should  be  plainly  stamped  with 
the  name  of  the  manufacturer  and  grade  of  brush.  This  stamping 
should  be  placed  on  the  brush  so  that  the  wearing  of  the  brush  will 
not  destroy  the  marking. 

Size  of  Brushes.  The  thickness  of  the  brush  should  not  be  greater 
than  exact  size  or  less  than  o.oz  in.  under  exact  size.  The  width 
and  length  of  the  brush  should  not  be  greater  than  exact  size  or  less 
than  \ia  in.  under  exact  size.  The  standard  method  of  box  gage 
should  be  used.  The  brush  must  pass  through  a  box  gage  of  exact 
size  and  must  not  pass  through  a  box  gage  where  the  thickness  is 
o.oio  under  size  and  the  width  Ha  in.  under  size. 

Copper-plating.    AU  copper-plating  shotdd  be  omitted. 

Fracture*  The  brushes  when  broken  should  show  a  fracture  of 
uniform  appearance  and  fine  grain. 

Stratification  and  Shrinkage.  Stratification  and  shrinkage  cracks 
are  objectionable  and  shoidd  be  avoided,  as  far  as  possible. 
When  the  brush  is  broken  crosswise  and  lengthwise  the  appearance 
of  the  two  fractures  should  be  similar  in  texture. 

Ash.  The  following  is  from  the  same  report:  As  determining  the 
abrasive  effect  of  a  great  many  brushes  of  the  present  manufacture 
it  has  been  found  that  certain  percentages  of  ash  are  desirable  in  the 
various  classes  of  brushes.  From  analysis  it  has  been  found  that 
this  ash  consists  largely  of  iron  oxide,  FetOi  and  sand  SiOa.  It  has 
been  found  that  class  i  brushes  should  normally  contain  about  5 
per  cent,  of  this  ash  in  order  to  get  the  abrasive  effect  sufficient  for 
their  operation  as  recommended.  It  has  been  found  that  class  2 
brushes  should  contain  2  to  3  per  cent,  of  this  ash  and  that 
dass  3  brushes  should  contain  not  over  2  per  cent.  It  Is  not  ad- 
visable to  specify  the  abrasive  effect  in  percentage  of  this  ash,  as 
this  limits  the  manufacturer  to  the  use  of  this  ash,  whereas  it  is  the 
abrasive  effect  that  is  desired. 

Tests  for  Railway  Motor  Brushes.  Because  of  the  number  and 
variation  of  conditions  encountered  in  railway  motor  operation  it  is 
practically  impossible  to  make  a  laboratory  test  which  shall  impose 
upon  the  brush  conditions  similar  to  those  which  are  to  be  met  by  the 
brush  in  actual  service.    A  laboratory  test  is  of  great  value,  how- 
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ever,  in  making  comparisons  of  brushes  and  giving  indications  which 
with  past  records  will  aid  somewhat  in  making  an  approximate 
selection.  The  most  satisfactory  ^ay  of  determimrig  what  brush 
is  best  suited  for  a  particular  work  is  to  make  actual  service  tests 
with  several  difiFerent  kinds  of  brushes.  The  laboratory  tests  which 
follow  were  suggested  in  the  same  report: 

Vibrator  Test,  This  test  is  a  purely  mechanical  one.  The  brush 
is  subjected  to  a  series  of  mechanical  shocks  to  determine  how  tough 
or  brittle  the  brush  may  be.    The  vibrator  consists  of  a  ratchet 

wheel,  the  principle  of  which  is  in- 
dicated in  Fig.  66.  The  diameter 
of  the  wheel  should  be  about  gH 
in.  There  should  be  eight  teeth, 
the  depth  of  each  tooth  being  Me 
in.  Adjacent  to  the  wheel  a 
standard  brush  holder  is  mounted 
so  as  to  allow  the  brush  to  bear  on 
the  wheel  with  a  standard  pressure 
of  7  lb.  per  square  inch  of  the 
bearing  surface  or  cross-section 
of  the  brush.  The  face  of  the 
ratchet  wheel  should  be  broad 
enough  to  take  the  widest  brush. 
The  ratchet  or  vibrator  wheel 
may  be  belted  from  a  line  shaft  or 
driven  by  a  small  motor.  The 
speed  of  the  ratchet  wheel  should 
be  250  r.p.m.  With  this  speed 
the  brush  will  receive  2000  blows 
per  minute.  The  ratchet  wheel 
revolves  backward  so  as  to  slip  under  the  brush,  and  drop  the 
same  down  H«  in.  as  each  tooth  passes.  The  various  classes  of 
brushes  should  stand  a  certain  number  of  revolutions  of  this  vibrator 
wheel  before  breaking.  The  values  given  below  for  the  different 
classes  of  brushes  are  suggested.  It  has  been  found  that  a  brush 
which  breaks  badly  in  service  will  hardly  run  on  this  wheel  more 
than  5000  revolutions,  and  one  which  is  fairly  satisfactory  in  service 
will  run  20,000  to  50,000  revolutions.  A  brush  which  is  of  excellent 
mechanical  quality  will  run  roo,ooo  revolutions  and  show  no  break- 
age or  chipping.  It  is  suggested  that  class  i,  coke  brushes,  should 
stand  20,000  revolutions  on  the  vibrator  wheel,  that  class  2,  part 
coke  and  part  graphite  brushes,  should  stand  30,000  revolutions, 
and  that  class  3,  graphite  brushes,  should  stand  50,000  revolutions. 
Hardness  Test.  This  test  consists  of  comparing  the  hardness  of 
carbon  brushes  with  various  standard  "H"  drawing  pencils.  It  is 
recommended  that  the  Johann  Faber  pencil  be  adopted  as  a  stand- 
ard of  hardness.  This  test  consists  of  scratching  the  brush  with 
pencils  of  various  hardness  to  determine  which  hardness  of  pencil 
corresponds  to  the  hardness  of  the  carbon  brush. 

sup-ring  Test.  In  this  test  the  current  is  passed  through  the 
brush  to  a  slip  ring  to  determine  the  maximum  amperes  per  square 
inch  which  the  brush  can  carry  without  glowing.    The  ourent  from 


Fig.  66. — Vibration  test  of  carbon 
brushes. 
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the  ring  may  be  conducted  by  placing  copper  brushes  on  the  hub  of 
the  slip  ring.  The  slip  ring  should  be  a  wheel  of  hard  copper  8  in. 
in  diameter  with  a  rim  H  in.  thick,  and  a  width  of  face  sufficient  to 
test  the  widest  brush.  The  wheel  should  be  mounted  and  so  ar- 
ranged as  to  use  a  standard  brush  holder,  the  brush  pressing  against 
the  dip  ring  as  in  the  motor.  The  speed  of  the  slip  ring  should  be 
approximately  500  r.p.m.  The  slip  ring  may  be  driven  from  line 
shafting  or  from  a  small  motor*  The  pressure  per  brush  should 
be  7  lb.  per  square  inch  of  bearing  surface  or  cross-section.  The 
periphery  of  the  slip  ring  should  have  a  true  and  smooth  surface. 
The  slip-ring  wheel  should  run  true  so  that  the  brush,  when  once 
fitted,  will  maintain  a  true  and  perfect-fitting  surface.  Twelve  or 
fifteen  samples  of  each  quality  of  brush  should  be  tested.  The 
current  should  pass  from  the  brush  to  the  slip  ring;  that  is,  the 
brush  should  be  positive  to  the  ring.  Direct  current  should  be 
used.  The  maximum  of  25  volts  wiU  be  suitable  for  testing  ordi- 
nary railway  brushes.  The  following  requirements  were  suggested 
by  the  Committee:  Class  i,  coke  brushes,  100  amp.  per  square 
inch  without  glowing.  Class  2,  part  coke  and  part  graphite 
brushes,  150  amp.  per  square  inch  without  glowing.  Class  3, 
graphite  brushes,  200  amp.  per  square  inch  without  glowing. 

Grading  Brushes  by  Comparison.  The  following  is  from  a  state- 
ment by  Mr.  G.  M.  Hill,  Assistant  Engineer,  Railway  and  Traction 
Department,  General  Electric  Co.,  1907:  "It  is  a  very  easy  ipatter 
to  distinguish  different  grades  of  brushes  by  scratching  with  a  knife, 
observing  the  ease  with  which  they  may  be  cut  and  the  sound  pro- 
duced by  scratching.  A  little  practice  will  enable  anyone  to  classify 
the  brush  as  to  its  hardness.  Aside  from  the  matter  of  grade,  it  is 
important  to  detect  certain  faults  in  the  brushes.  Some  of  the 
faults  are: 

1.  Spongy,  or  cellular  construction,  which  is  produced  by  over- 
heating the  squirting  die,  by  insufficient  pressure,  or  by  the  presence 
of  a  small  amount  of  moisture  when  the  brush  is  baked.  This  can 
be  detected  by  the  appearance  of  the  brush  or  by  scratching  or  cut- 
ting with  a  knife.  Such  brushes  will  weigh  less  than  a  brush  of 
proper  compactness.  They  will  wear  rapidly  and  produce  an  ab- 
normal amount  of  dust  and  smudging  on  the  commutator  which 
results  in  flashing. 

2.  The  stratified  construction  of  the  brush.  When  the  brush  is 
broken  it  will  present  the  appearance  of  slate  shale  showing  that  the 
brush  is  apparently  composed  of  a  number  of  layers  which  are  poorly 
joined  together.  This  results  from  the  outer  layers  sticking  in  the 
squirting  die  so  that  portions  of  the  mixture  slide  over  each  other, 
and  such  a  brush  will  easily  chip  off  at  the  edges,  affording  an  insuf- 
ficient contact  with  the  commutator  and  producing  sparking  and 
overheating.  The  best  way  to  inspect  for  stratification  is  to  break 
a  small  percentage  of  the  brushes  received,  and  if  they  show  a 
stratified  construction,  the  entire  lot  should  be  rejected.  Often  a 
stratified  brush  may  be  detected  by  examining  the  edge,  but,  un- 
fortunately, some  manufacturers  have  recently  made  a  practice  of 
covering  the  edge  of  the  brush  with  a  carbon  paste  which  conceals 
the  small  cracks  indicating  stratification. 
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Double  Width  Brushes.  Without  making  any  general  recom- 
mendations, the  report  of  the  Committee  on  Maintenance  and  In- 
spection, Am.  EL  Ry.  Eng.  Assn.,  1908,  suggests  as  follows,  request- 
ing each  road  to  investigate  and  make  its  own  conclusions  in  the 
matter:  ''It  has  been  found  advantageous  on  a  number  of  roads  to 
use  one  brush  per  holder,  even  though  it  necessitates  cutting  out 
the  bridge  in  the  brush  box.  The  ridge  in  the  middle  of  the  commu- 
tator is  avoided  and,  in  most  cases,  longer  life  of  the  brush  is  ob- 
tained. Should  there  be  irregularities  of  the  commutator  which 
would  cause  the  brush  to  be  thrown  from  the  commutator,  the 
entire  circuit  would  be  broken  if  one  brush  is  used,  and  less  flashing 
would  be  obtained  by  the  use  of  two  brushes;  this  is  particularly 
true  of  high  commutator  speeds."  In  discussing  double  width 
brushes,  Mr.  Jeandron  of  Le  Carbone  Co.  stated:  ''In  regard  to  the 
subject  of  single  and  double  width  brushes  I  think  that  the  advan- 
tage of  single  width  brushes  lies  in  a  better  distribution  of  the 
current,  their  fitting  on  commutators  being  more  easily  obtained  on 
account  of  their  smaller  section.  On  the  other  hand,  I  believe  that 
brushes  can  be  found,  the  abrasion  coefficient  of  which  is  low  enough 
to  practically  avoid  the  ridge  mentioned  by  the  committee.'' 

Limiting  Speed  for  Carbcm  Brushes.  Experience  places  the 
limiting  peripheral  commutator  speed  for  carbon  brushes  in  the 
neighborhood  of  from  6000  to  7000  ft.  per  minute. 

Life  of  Brushes  in  Practice.  The  following  statement  occurs  in  a 
paper'  by  Mr.  Charles  E.  Eveleth,  A.I.E.E.,  ipio:  "On  the  Pitts- 
burg, Harmony,  Butler  &  Newcastle  line  where  the  service  is 
unusually  severe  on  account  of  grades  and  curves,  a  considerable 
number  of  the  brushes  originally  shipped  in  the  motor  brush  holders 
are  still  in  service,  though  many  motors  have  now  run  over  150,000 
car  miles,  and  the  wear  on  the  commutators  is  hardly  perceptible.*' 

Answers  to  the  question,  A.E.R.E.A.  Question  Box,  191 1: 
What  car  mileage  per  inch  wear  are  you  obtaining  from  different 
kinds  of  carbon  brushes.  (a)]On  non-irUerpole  motors  with  uttslotted 
commutators?  (b)  On  non-inUrpole  motors  with  slotted  commutators? 
{c)  On  inter  pole  motors  with  unslotted  conunutators?  X^  On  inierpoU 
motors  with  slotted  commutators? 

Conestoga  Traction  Co.^  Lancaster,  Pa,  (d)  National  Carbon 
Brushes,  superior  quality,  18,000  miles. 

H,  W.  Ftdler,  Washington  Railway  &•  Electric  Co.,  Washington, 
D,  C,  (i)  3500  miles  average,  (d)  Estimated  400,000  nules. 
We  have  some  motors  that  have  made  over  100,000  miles  and  the 
brushes  show  less  than  H  in.  wear. 

Wnt,  A,  House,  The  United  Railways  and  Electric  Co,,  Baltimore, 
Md,  (b)  Approximately  2500  miles  per  H  in.  of  brush  wear  for 
average  of  large  system  covering  many  types.  Side  wear  is  the 
limiting  factor. 

/.  F.  Calderwood,  Brooklyn  Rapid  Transit  Co.,  Brooklyn,  N,  Y. 
(a)  We  are  not  operating  non-interpole  motors  with  unslotted  com- 
mutators at  the  present  time,  but  in  tests  made  about  3  years  ago 
we  obtained  an  approximate  mileage  per  inch  wear  of  brushes  of 
different  types  and  on  different  motors  as  follows: 
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Type  of 
motor 

Type  of 
brush 

No.  of  miles  per  i  in. 

wear  of  brush  for 

brush  worn  out 

No.  of  miles  per  i  in. 
wear  of  brush  con- 
sidering all  brushes, 
worn  out,  broken  or 
chipped 

E-iso  h.p. 
L-iSO  h.p. 

A 
B 
C 

A 
B 
C 

16,800 
30,000 

30,120 

7,100 
38,900 
33,800 

♦            10,006 
9.369 
9.I4I 

•    3,900 
3,000 
4,100 

(b)  We  have  no  recent  data  in  regard  to  the  wear  of  brushes  on  non- 
interpole  motors  with  slotted  commutators,  but  in  tests  made  about 
3  years  ago  the  following  wear  was  obtained: 


Type  of 
motor 

Type  of 
brush 

No.  of  miles  i  in.  wear 

of  brush  for  brush 

worn  out 

No.  of  miles  i  in.  wear 

of  brush  considering 

all  brushes  worn  out 

broken  or  chipped 

E-isoh.p. 
L-150  h.p. 

A 
B 
C 
D 

A 
B 
C 
D 

14,800 
15,600 
17,100 

14,300 

31,600 

14,600 

6,900 

10,000 

3,67a 

6.344 
3.14s 
6,483 

3.850 
4.900 
5,300 
3,100 

(c)  On  interpole  motors  with  unslotted  commutators,  we  are  ob- 
taining 132,000  miles  per  inch  of  wear  of  brushes  which  are  worn  out 
but  when  the  number  of  broken  and  chipped  brushes  are  taken  into 
consideration,  the  mileage  per  inch  of  wear  for  all  brushes  removed 
is  11,775  miles. 

C.  D,  CasSf  Waterloo,  Cedar  Falls  and  Northern  Railway  Co., 
Waterloo,  Iowa,  We  are  using  the  Le  Carbone  brush  grade  G,  on 
solid  commutators  and  getting  on  an  average  90,000  miles  per  i  in. 
wear. 

Richard  McCvUoch,  United  Railways  Co,  of  St.  Louis, 
Si,  Louis f  Mo,  (a)  11,000  miles,  (b)  30,000  miles,  (d)  250,000 
miles. 

P,  G,  Grimshaw,  The  Pennsylvania  Railroad  Co.,  Camden,  N.  J, 
We  obtain  H  to  H  in.  wear  on  motor  brushes  and  an  average  of 
28,000  miles. 

H.  M,  Lloyd,  British  Columbia  Electric  Railway  Co,,  Ltd,, 
Vancouver,  B.  C.  AH  our  commutators  are  slotted.  We  have 
obtained  the  following  mileage  per  inch  wear  of  brumes: 

GE-67  motor 17  :  67  gear  ratio 1.706  car  miles 

WH-ioiBa  motor I5  :  69  gear  ratio 1,380  car  miles 

GB.57  motor \ 23  :  65  gear  ratio 7i979  car  miles 

GB-304  motor 30  :  65  gear  ratio 33,933  car  miles 

A  paper  in  the  Electric  Railway  Journal,  191 1,  states  that  the  life 
of  a  medium  hard  brush  used  by  the  Long  Island  Railway  on  slotted 
19 
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commutators  is  from  45,000  to  50,000  miles.    These  brushes  are 
under  a  pressure  of  6  lb.  per  square  inch; 

The  following  table  is  from  brush  tests  lasting  from  May  14, 1908 
until  March  10, 191 2  on  the  Third  Avenue  Railway,  New  York.  The 
commutators  used  in  these  tests  were  slotted.  (The letters  A,B,C, 
etc.,  ref%r  to  the  manufacturers  of  the  brushes.) 

Abstract  of  Carbon  Brush  Record  of  Third  Avenue  Railway, 

New  York 


Brush 

Motor 

Installed 

Last 
inspection 

Mileage 

Average 
wear  in 
64ths  of 
an  inch 

W  ear  in 

inches, 

1000 

miles 

A-i 

GE-210 
GE-210 
GE-210 
GE-210 

W-310 

W-310 

GE-210 

GE-210 

W-310 
GE-210 
GE-210 
GE-210 

W-310 

GE-210 

W-310 

W-310 

W-310 

W-310 

GE-210 

W-310 

W-310 

W-310 

W-310 

GE-210 

W-310 
GE-210 
GE-210 
GE-210 

GE-210 
W-310 
W-310 

GE-210 

W-310 
W-310 
W-310 

S/20/08 
5/ I 4/08 
5/20/08 
1/31/09 

1/26/ I I 
1/26/ I I 
1/26/ 11 
1/26/ I I 

1/26/11 
1/26/ 11 
1/26/ I I 
7/30/09 

7/28/09 

s/29/09 

s/29/09 

10/20/09 

10/20/09 

10/22/09 

S/29/09 

10/20/09 

10/26/09 

10/22/09 

10/20/09 

s/29/09 

10/24/09 
s/29/09 
S/io/io 
S/io/io 

9/16/10 
9/16/10 
9/16/10 
1/16/12 

1/16/12 
9/19/11 
9/19/1 I 

4/20/10 
3/10/11 
9/17/11 
9/17/11 

9/17/11 
9/17/11 
3/10/12 

9/17/11 

3/10/11 
9/17/11 
9/17/11 
3/10/12 

9/17/11 
3/10/11 
12/1/09 
4/20/10 

3/10/11 
4/20/09 
9/17/11 
3/10/11 

3/10/11 
4/20/10 
7/20/10 
3/10/1 I 

3/10/11 
9/17/11 
3/10/12 

9/17/11 
3/10/n 
3/10/11 
3/10/1 I 
3/10/12 

3/10/12 

11/24/11 

3/9/12 

30,686 
45.280 
55,70s 
59,789 

14.489 
18,904 
2S.684 
32,084 

2,622 
18,30s 
13.771 
45.077 

38.413 
31.179 
IS.286 
IS.321 

44,206 
13.226 
49.192 
39.066 

37,356 
14.797 
23,640 
45.927 

53.715 
58,420 

41.537 
29.340 

11.831 

10,039 

9.930 

6,400 

6,200 

A-2 

B-i 

B-2 

B-3 

16 
22 

0.0045 
O.OOS7 

7^  ^ 

B-3 

B-4 
1-4 
B.4 
C-i 

C-2 

D-i 
D-i 
D-i 

D-i 

10 

12 

5 

0.0083 

0.0073 
0.0024 

6 

7 
18 

\t 

8 
12 

0.0051 
0.0077 
0.006a 

0.0057 
0.0080 
0 .  0083 
0.0120 

D-I 
D-I 

D-2 

12 
25 

0.0140 
0.0079 

D-2 

D-2 
D-2 
D-2 

D-2 

II 

13 
16 

0.0120 
0.0086 
0.0054 

D-2 

E-I 
E-i 

F-i 

P-2 

20 

17 

9 

16 

0 .  0053 
0.0071 
0.0048 

0.003I 

F-3 

F-4 

F-S 
G-i 

S 
3 

O.OI33 

0.0075 

G-i 

. 

Discussion  of  the  brushes:  A  were  satisfactory,  the  only  trouble 
was  evidence  of  uneven  wear.  B  were  easily  chipped  and  broken. 
C  were  satisfactory.  D,  most  of  these  were  removed  for  breakage, 
chipping  and  uneven  wear.  E  gave  good  service  except  that  they 
blackened  the  commutator.  F,  most  of  these  were  removed  because 
of  breakage,  chipping,  uneven  wear  and  wear  on  the  commutator. 
G  broke  after  short  runs. 

The  width  of  most  of  the  brushes  was  21H4  in.,  but  there  were  a 
few  as  narrow  as  2^^  in.  and  one  as  wide  as  21^  in.    The  com- 
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pany's  standard  tension  per  brush  holder  spring  is  6  lb.  for  the 
GE-2IO  motors  and  5  lb.  for  the  Westinghouse  310  motors. 

Carbon  Brush  Costs.  In  discussion,  Am.  £1.  Ry.  Eng.  Assn., 
1908,  Mr.  J.  S.  Doyle  of  the  Interborough  Rapid  Transit  Co., 
New  York,  speaking  of  a  special  brush  used  by  that  company, 
stated:  *'  We  have  done  about  three  billion  miles  of  work  per  year 
and  by  using  this  special  brush  our  troubles  have  been  reduced 
85  per  cent,  on  the  elevated  division  and  about  96  per  cent,  on  the 
subway  division.  The  initial  cost  of  the  special  carbon  is  consid- 
erably greater  than  that  of  the  ordinary  brush,  but  the  actual  cost 
as  measured  on  a  thousand-mile  basis  is  $0,173  ^^^  ^^^  special  car- 
bon, as  compared  with  $0.44  per  thousand  miles  for  the  ordinary 
carbon,  which  is  in  addition  to  the  improvements  stated."  In  fur- 
ther discussion,  Mr.  Doyle  stated  that  in  all  probkbility  the  spe- 
cial carbon  would  come  under  Class  No.  3  (see  p.  285,  Classification 
of  Railway  Motor  Brushes). 

The  following  table  from  Electric  Railway  Journal,  191 2,  shows 
the  carbon  brush  costs  from  August,  191 1,  when  this  item  was  first 
segregated,  to  March,  191 2,  inclusive,  for  all  electric  cars,  except 
storage  battery  cars,  operated  by  the  Third  Avenue  Railway  on  its 
Third  Avenue,  Forty-second  Street  and  Dry  Dock  divisions: 


Mileage 

Date 

Cost 

1,065.778 
1.019,762 

August,         191  z 
September,    191 1 
October,        191 1 
November,    191 1 
December,    191 1 
January,        191 2 
February,      1912 
March,          191 2 

I27.82 

970,229 
955.499 
964.307 
913.982 

930,199 
1,031,208 

49.34 
23.11 

8.66 
14.83 
38.89 

18.75 

7,850,964 

S181.40 

Cost:  2.31  cents  per  1000  car  miles. 


Sparking  at  the  Commutator  of  a  Railway  Motor.  A  great  num- 
ber of  troubles  in  railway  motor  operation  are  due  to  sparking  at  the 
commutator.  Most  of  them  are  cumulative  or  are  climaxes  of  a 
cumulative  action  which,  other  things  being  constant,  depend  upon 
the  service  required  of  the  motor.  Starting  with  a  polished  com- 
mutator and  a  perfect  brush,  each  spark  mU.  remove  a  particle  of 
the  commutator  copper  and  possibly  a  bit  of  the  brush.  As  this 
goes  on,  the  contact  between  brush  and  commutator  grows  poorer, 
the  brush  vibrates  minutely  and  the  extent  of  the  sparking  increases. 
This  causes  poorer  brush  contact,  increased  brush  vibration  and 
sparking  and  grinds  the  brush  rapidly.  If  the  commutator  be  not 
slotted  this  removal  of  copper  will  leave  the  mica  projecting  above 
the  commutator  bars  and  all  the  effects  just  noted  will  be  augmented. 
Hard  brushes  under  a  considerable  pressure  will  grind  the  commuta- 
tor. '  This  grinding  action  continues  while  the  armature  revolves, 
and  if  the  sparking  is  not  too  severe  and  the  periods  during  which 
current  flows  not  too  long  nor  too  great,  compared  with  those  during 
which  the  commutator  is  revolving  with  current  off,  this  grinding 
action  may  remove  the  roughness  and  dress  the  brush  between 
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sparking  periods.    This  process  of  grinding,  however,  shortens  the 
lives  of  both  commutator  and  brush. 

Flash  Over  and  Insulation  Breakdown.  A  flash  over  may  be 
the  result  of  great  roughness  of  the  conunutator,  or  it  may  result 
from  sudden  rushes  of  current  due  to  other  causes  such  as  bad  con- 
tact with  the  working  conductor  (brought  about  by  sleet  and  snow 
on  third  rail  or  trolley),  a  momentary  interruption  and  reestablish- 
ment  of  the  circuit  through  the  motor,  or  a  surge  set  up  in  the  supply 
by  a  remote  disturbance  such  as  a  short  circuit  or  the  flashing  over 
of  another  motor.  Thus  the  flashing  over  of  one  motor  may'cause 
other  motors  on  the  same  line  to  flash  over.  A  flash  over  may  be 
due  to  a  combination  of  high  counter  electromotive  force  and 
consequent  weak  field  caused  by  abnormally  high  speed,  a  com- 
bination which'  may  be  produced,  for  instance,  in  running  on  a 
long  down  grade  with  power  on.  A  flash  over  may  also  take 
plac6  because  of  a  conducting  path  offered  by  the  particles  of 
copper  and  carbon  resulting  from  the  grinding  process  noted  in  the 
paragraph  preceding.  This  dust  also  works  into  the  insulation, 
thus  reducing  its  efficiency  and  in  some  cases  preparing  a  path  for  a 
breakdown.  This  process  of  insulation  breakdown  is  most  liable 
to  take  place  in  the  higher  voltage  motors. 

Conunutating-poles.  In  the  railway  motor  the  conunutating- 
pole  (also  called  the  interpole)  is  a  small  pole  piece  placed  between 
the  main  poles  with  its  windings  in  series  with  the  armature.  The 
total  weight  of  copper  in  a  commutating-pole  motor  is  nearly  the 
same  as  that  in  the  non-commutating-pole  motor  because  the  intro- 
duction of  commutating-poles  makes  possible  a  reduction  in  the 
number  of  field  turns.  .  The  function  of  the  interpole  is  to  improve 
commutation  at  all  loads  and  voltages  on  the  motor.  It  accom- 
plishes its  purpose  by  providing  a  field  which  when  swept  through 
by  the  armature  coil  short-circuited  by  the  brush  will  produce  a 
complete  current  reversal  in  that  armature  coil  so  that  there  will  be 
no  spark  when  contact  is  broken  between  the  conunutator  bar  and 
the  brush  which  it  is  leaving.  Incidentally  the  commutating-pole 
prevents  or  diminishes  the  possibility  of  flash  overs  by  restricting 
rushes  of  current.  The  commutating-pole  is  permanently  connected 
directly  in  series  with  the  armature,  and  whenever,  as  for  the  purixise 
of  changing  the  direction  of  rotation,  the  direction  of  the  current  to 
the  armature  is  changed  the  direcUon  of  the  current  in  the  com- 
mutating-|>ole  winding  must  be  changed.  The  current  in  the  com- 
mutating-pole winding  varies  with  that  in  the  armature,  conse- 
quently,  if  the  motor  oi>erates  successfully  at  one  load  it  will  operate 
successfully  at  any  other  load  up  to  the  point  of  saturation  of  the 
commutating-pole.  The  commutating-p>ole  operates  most  satis- 
factorily at  below  saturation.  At  loads  considerably  above  that 
whose  current  in  the  commutating-pole  winding  causes  saturation 
of  the  commutating-pole  the  influence  of  the  commutating-pole  is 
annulled  by  the  flux  due  to  the  current  in  the  armature  and  with  a 
still  further  increase  of  load  commutation  would  be  worse  than  with 
no  commutating-pole. 

Advantages  of  conunutating-pole  railway  motors  as  compared 
with  noQ-commutating-pole  railway  motors  are  briefly  set  forth  by 
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Mr.  £.  H.  Anderson,  A.I.E.E.,  1907,  as  follows:  {i)  Sparkless 
commutation  even  on  heavy  overloads  (of  particular  advantage 
where  many  stops  make  rapid  acceleration  desirable) ;  (2)  flashing 
at  commutator  largely  reduced  and  probably  eliminated;  (3)  less 
wear  on  commutator;  (4)  cleaner  and  safer  motor  because  of 
reduced  carbon  and  copper  dust  from  brushes  and  commutator; 
(5)  marked  reduction  in  heating  of  commutator;  (6)  greater 
current  density  in  brushes;  (7)  increased  life  of  brushes;  (8)  in- 
creased efficiency  and  free  running  capacity  because  of  lower  core 
and  commutator  losses;  (9)  possibility  of  successfully  using  higher 
voltages;  (10)  greater  faolity  in  design  of  large  motors,  especially 
as  reganfs  commutation;  (ir)  possibility  of  increasing  service 
capacity  of  motors  by  blowing.  To  these  may  be  added  the 
possibility  of  speed  control  by  field  regulation  because  satisfactory 
field  control  of  a  series  railway  motor  is  made  possible  only  by  the 
commutating-pole. 

The  advantages  of  commutating-poles  are  of  least  importance 
with  low-voltage  and  low  power  motors. 

Relative  to  a  railway  motor  with  conmiutating  poles,  an  article 
by  Mr.  Clarence  Renshaw,  Electric  Journal,  1907,  sajrs,  **  A  properly 
designed  motor  of  this  t}rpe  should  run  practically  sparklessly  from 
a  load  so  light  as  to  give  treble  the  normal  speed  up  to  loads  as 
heavy  as  double  its  ordinary  i-hour  rating.  It  should  permit  high 
voltages  to  be  thrown  on  it,  either  at -standstill  or  when  nmning  at 
high  speeds,  and  its  stability  should  be  so  great  that  it  will  commu- 
tate,  without  appreciable  sparking,  rushes  of  current  which  in  the 
ordinary  motor  would  invariably  cause  flashing.  This  great  free- 
dom from  sparking  makes  the  interpole  motor  especially  well 
adapted  for  high-voltage  service." 

In  the  Electric  Journal^  19 10,  Mr.  J.  L.  Davis  states  that  the 
interpoles  on  the  locomotives  (4000-h.p.  locomotives  with  field 
control  and  interpoles)  for  timnd  service  on  the  Pennsylvania 
Railroad  develop  2500  h.p.  with  the  weakest  field  without  appreci- 
able sparking  and  that  when  running  at  70  miles  per  hour  on  725 
volts,  the  highest  speed  notch  and  the  weakest  fidd,  gaps  in  the 
third  rail  are  cross^  without  any  spitting  at  the  brushes.  He 
also  states  that  a  200-h.p.  commutating-pole  motor  running  on  800 
or  900  volts  at  very  high  speeds  will  take  a  current  rush  of  two  and 
one-half  times  full  load  without  flashing.  In  a  discussion,  Mr.  W. 
B.  Potter,  A.I.E.E.,  1907,  states,  relative  to  motors  suitable  for  oper- 
ation on  higher  voltage  direct  current  (and  600  volts), '' a 

motor  having  commutating-poles  and  designed  for  operation  on 
600  volts  can  be  run  at  full  load  on  1000  volts  so  far  as  commutation 
is  concerned,  and  further,  such  a  motor,  when  the  current  is  momen- 
tarily interrupted,  or  there  is  a  momentary  rise  in  voltage,  will  not 
fla^  over,  as  sometimes  happens  with  motors  not  having  commutat- 
ing-poles. A  commutating-pole  motor  designed  for  1200  volts  and 
operated  at  that  i>otential  would  be  superior  to  the  ordinary  600- 
volt  motor,  both  with  respect  to  commutation  and  liability  to  flash 
over. ' '  Interpoles  to  prevent  flashing  are  not  so  necessary  in  motors 
of  low  rating  as  they  are  in  motors  of  high  power  rating  because  of 
the  greater  choking  effect  due  to  the  greater  number  of  turns  on 
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the  field  of  the  smaller  motor  which  restricts  the  Sow  of  current.  In 
the  Electric  Jouiual,  1910,  Mr.  J.  L.  Davis  says  that  on  a  40-h.p. 
motor,  running  at.  high  speed  at  one-third  full-load  citfrent,  the 
breaking  of  the  circuit  and  a  quick  reapplication  of  full  voltage  will 
cause  a  rush  of  not  more  than  full-load  current  through  tJie  motor, 
and  in  a  200-h.p,  motor  running  on  750  volts  at  one-third  full-load 
current  and  subjected  to  similar  treatment  a  rush  of  current  of 
150  per  cent,  overload  client  may  result. 

Advantages  of  Commutatinj;-polea  on  SOO-  and  660-  Volt  Mot<»s 
in  Practice.  To  question  84,  Question  Box,  A.E.R.E.A.,  1911: 
"What  are  tlie  advantages  obtained,  if  any,  by  using  interpole 
motors  for  strictly  city  service;  500  to  sso  volts?  Replies  as  fol- 
lows were  received  from  nine  companies:  One  company  reported 
having  operated  twenty-three  4-motor  equipments  for  about  ro 
months  with  no  flash  overs,  while  flash  overs  on  non-interpcde 
motors  were  not  uncommon;  one  stated  that  for  heavy  service  tJie 
use  of  interpole  motors  saves  one-haU  maintenance  expense;  one, 
that  there  is  an  increased  overload  c^)acity  for  the  same  sized 
motor;  one  stated  the  belief  that  up  to  and  including  40-h.p. 
motors  it  is  not  advantageous  to  use  interpole  motors  for  city 
f-5^  service,     where      the 

|MT'-n™«"~*  ■  average     voltage      is 

I  OF^o— ■^"urf.«i«-«-ii*  from  SOO  to  S50  volts; - 

L^  two  reported  no  fla^ 

over  troubles;  two 
reported  less  flash 
over  troubles;  two 
r«>orted  longer  brush 
life;  one  reported  little 
wear  on  the  commuta- 
d,  tor;  one  reported  re- 
duction of  motor  trou- 
bles due  to  carboniza- 
tion; one  reported  less 
brush  holder  trouble; 
one  each  reported 
"none"    and    "veiy 

Wiring     Diagrams 

Fig  6)  — GE.201  motor  "*  Commutating-pole 

MatfSi.    Figs.  67  to 

71,  inclusive,  show  the  direction  of  rotation,  throw  of  the  leads  and 
the  method  of  bringing  out  the  leads  on  typical  commutating- 
pole  motors. 

Armature  Repairs.  The  following  is  from  the  report  of  the  1907 
Committee  on  Electrical  Equipment,  A.E.R.E.A.  "For  insula- 
tion of  armature  coils  wound  with  round  wire  and  where  the  ultimate 
temperature  rise  is  less  than  65  deg.  C,  cotton-covered  and  var- 
nished cambric  insulation  is  sufficient.  Where  ultimate  temperature 
rise  is  65  deg.  to  100  deg.  C,  asbestos  covering  for  the  wiring 
is  necessary.  In  the  use  of  asbestos  material  your  committee 
would  call  attention  to  the  vital  impwrtance  of  impregnation  with 
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tnoistuTe-repeUmg  varnish.  The  asbestos  sbould  be  considered  as  a 
fireproof  material  and  a  good  spacer  rather  than  a  good  insulator. 
Armature  coils  and  especially  those  wound  with  asbestos-covered 

wire   must   be  held  ■ ], 


to  exclude  all  move-  '  *  ^1 .  ?  J 

ment  or  vibration  in 
the    slot   or   at  the 

roads  it  is  consid- 
ered good  practice 
to  impregnate  an 
armature  after  it  is 

wound    by   beating  ^ 

and  revolving  it  in 
an  impregnating 
bath.  The  advan- 
tage of  this  method 
is  improved  insula- 
tion and  rigidity  of 
windings  in  the  . 
core.  The  disad- 
vantage is  the  di£6-  p,o,  68.— GE-ioj  motor, 
culty   of   raising   ft 

coil  should  it  be  necessary  to  patch  up  an  individual  coil.  Experi- 
ment is  suggested  with  the  use  of  all-hreproof  insulation  of  arma- 
ture coilsi  that  is,  asbestos-covered  wire;  spacing  and  wrapping  with 
mica  and  wrapping  with  asbestos  tape.    It  is  suggested  that  this 

frocess  may  give 
mger  life  even 
under  moderate 
temperatures  than 
the   cotton-covered, 

wrapped  coils." 
1  (A.E.R.E.A.     Mis- 

cellaneous Practice.) 
Where  the  original 
equipment  was  bar 
wound,  it  is  recom- 
mended that  insula- 
tion be  mica,  par- 
tially, if  not  wholly; 
where  bars,  are  to 
be  replaced  it  is 
preferable  to  replace 
Fig.  69. — GE-100.4  motor.  with  bars  similar  to 

the  original,  that  b, 
with  insulation  of  mica.  However,  should  it  be  necessary  to 
repair  at  short  notice  and  no  mica-insulated  bars  are  at  hand,  a 
varnished   cambric-insulated   bar  is   recommended,   appreciating 
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that  the  life  is  not  as  great  as  mica  aod  shorter  as  the  workiiig 

temperature  is  higher. 
Tests  of  Rewound  ArmatiiTes.    The  following  list  gives  the  tests 

in  the  order  of  their  application  to  completely  rewound  armatures 
by  the  Chicago  Rys. 
Co.:  (i)  Breakdown 
lest  between  commu- 
tator and  sleeve  as  as- 
sembled off  the  ma- 
chine; (z)  breakdown 
test  between  the  com- 
mutator   and     sleeve, 

the  shaft;  (3)  bat  to 
bar  test  on  commuta- 
tor; (4)  after  ohIs  are 
in  slots,  with  lower 
leads  connected  to 
commutator;  break- 
down test,  commuta- 
tor to  ground;  (5) 
Fio.  70.— WE&H.306  motar,  after  coils  are  in  slots, 

with  lower  leads  con- 
nected to  commutator;  breakdown  test  between  adjacent  leads; 
(6)  after  coils  are  entirely  connected  in  and  before  soidering;  break- 
down test,  commutator  to  ground;  (7)  after  coils  are  entirely  con- 
nected in  and  before  soldering;  make  short  circuit  tests  on  armature 
coils;   (8)  after  banding,  short  circuit  and  open  circuit  tests  on 
armature  coils;  (9) 
after       banding, 
breakdown  test  to 
ground.  j 

Locating    Short  | 
Circuits  in  Anna-  I 
hires    by    Direct 
Application  of  I' 
Altematine    Cur-  t 
rent    The  follow- 
ing   method    de- 
scribed   by     Mt. 
Leonard       Work, 
Electric    Journal, 
ipio,  is  stated  by 
him   to   be    rapid 
and  thorough  (Fig. 

■!''>■      .'Vt""^*,l°8  Fic.  vi.-WEaH.3=i  motor, 

current  is  apphed 

to  the  commutator  through  contacts  separated  by  an  amount 
equal  to  the  correct  brush  separation  for  ordinary  operation  of 
the  motor.  While  this  continues,  connection  is  made  and  broken 
between  any  pair  of  adjacent  bats  as  at  ^4  on  the  side  of  the  commu- 
tator opposite  the  points  wheie  the  altranaliog  curtent  is  apphed. 
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Fig.  72. — Test  of  armature  for 
short  circuit. 


If  on  such  making  and  breaking  there  is  a  small  spark,  there  is  no 
short  circuit  between  these  adjacent  bars.  If  there  is  no  spark,  a 
short  circuit  exists  between  these  two  bars.  The  points  at  which 
the  alternating  current  is  applied  to  the  armature  are  advanced 
around  the  armature  and  the  test  is  continued  between  each  pair 
of  adjacent  commutator  bars.  In 
making  this  test,  approximately 
full-lo£ul  current  should  be  ap- 
plied. The  test  is  made  with  the 
armature  removed  from  the  motor 
frame. 

Armature  Test  by  Ftill-load 
Current.  In  the  shops  of  the 
Brooklyn  Rapid  Transit  Com- 
pany armatures  removed  from 
the  motor  frames  are  tested  for 
poor  soldering,  defective  leads  and 
short  circuits  in  commutator  or 
armature  winding  by  passing  full- 
load  current  through  the  arma- 
ture by  way  of  a  pair  of  brushes 
set  in  the  same  relative  positions  as  for  actual  operation.  The 
current  flowing  through  the  armature  and  the  voltage  drop  between 
adjacent  commutator  bars  are  measured.  Poorly  soldered  con- 
nections and  abraded  leads  are  burned  off  by  the  current.  The 
testing  outfit  consists  of  a  rheostatic  controller  and  a  set  of  car 
resistances  arranged  to  give  any  desired  current  from  8  to  300 
amperes,  an  armature  circuit  breaker  and  switch.  Fig.  73  gives  a 
wiring  diagram  for  the  outfit. 

Insulation  Test  of  Armature  Coils.  (A.E.R.E.A.  Proposed 
Practice) :    Between  windings  and  ground. 

For  roads  using  trolley: 

New  armatures 2500  volts,  a.c,  5  seconds 

Old  armatures looo  volts,  a.c.,  5  seconds 

For  roads  using  third  rail  where  voltage  fluctuations  have  to  be 

taken  into  consideration: 

New  armatures 3000  volts,  a.c.,  5  seconds 

Old  or  partly  repaired  armatures. . .   1500  volts,  a.c.,  5  seconds 

Between  armature  coils  before  windings  are  connected. 

New  armatures 220  volts,  d.c,  5  seconds 

Old  armatures no  volts,  d.c,  5  seconds 

The  Boston  Elevated  Railway  uses  the  following: 

New  armatures 1600  volts,  a.c. 

Old  armatures 1000  volts,  a.c. 

Several  momentary  applications  of  this  electromotive  force  are 
made  in  each  case. 

Equipment  for  Armature  Insulation  Testing.  The  Chicago  City 
Railway  Company  uses  a  motor  generator  set  consisting  of  a  single- 
phase,  i2-kw.,  230-volt,  125-cycle  generator  ezdted  by  a  1.5-kw., 
1 25- volt  belted  exciter  and  driven  by  a  550-volt,  18 75 -rev. 
per  min.  direct-current  motor.    The  testing  dectromotive  force 
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is  obtained i)y  the  use  of  a  5-kilovolt-ampere  6000-volt  transformer 
arranged  to  give  a  voltage  of  from  200  to  6000  in  twelve  steps. 

Locating  Short  Circuits  and  Open  Circuits  in  Armature  Coils 
by  Yoke  Transformer  Test  (Fig.  74).  A  "U"  shaped  two-pole 
laminated  iron  core  having  its  pole  pieces  cut  to  embrace  the  arma- 
ture as  is  done  by  the  motor  field  pole  ^pieces,  and  carrying  an  ex- 
citing coil  about  its  voke,  is  placed  against  the  armature  to  be 
tested.  When  the  coil  on  the  yoke  is  excited  by  an  alternating 
current,  the  resulting  flux  passes  through  the  armature  core  and 
its  windings  and  in- 
duces an  electromotive  Bani«mt«tPuo« 
force  in  the  latter. 
The  armature  coils 
which  are  in  a  position 
to  link  with  the  greatest 
nxunber  of  lines  of  mag- 
netic force  have  in- 
duced in  them  '  the 
highest  electromotive 
force  and  if  one  of 
these  coila  be  short-cir- 
cuited a  heavy  current 
will  flow  through  it  and 
this  will  be  evidenced  by     Fig.  74.— Yoke  transformer  test  for  armatures. 

heating  of  the  coil,  or 

by  tiie  noisy  vibration  of  a  soft  iron  test  piece  laid  over  the  arma- 
ture. Manifestations  remain  the  same  when  the  two  adjacent 
commutator  bars  to  which  the  terminals  of  a  short-drcuited 
coil  are  connected  are  short-drcuited  by  having  a  piece  of  metal 
inserted  between  them  and  the  testing  current  is  momentarily 
applied.  The  test  is  continued  around  the  armature  by  revolving 
it  so  that  one  coil  at  a  time  will  come  under  the  influence  of  the 
strongest  fidd.  The  coils  not  found  to  be  short-drcuited  are 
next  tested  for  open  circuit.  This  is  done  by  short-drcuiting  ad- 
jacent commutator  bars,  pair  at  a  time,  and  applying  the  test  for 
short  circuit  to  the  corresponding  coil.  An  indication  of  a  short 
circuit  when  this  is  done  proves  the  absence  of  an  open  circuit 
in  the  coil.  In  testing  for  open  drcuit  the  vibration  test  should  be 
used  and  the  current  ^ould  not  be  kept  on  long  enough  to  damage 
the  coil  under  test.  The  alternating  electromotive  force  applied 
to  the  testing  coil  used  by  the  Boston  Elevated  Ry.  Co.  is  from 
700  to  750  volts.  The  Pittsburgh  Railways  Co.  excites  the  testing 
coil  by  connecting  it  to  a  convenient  lamp  socket.  For  ease  in 
handling,  the  latter  company  has  bolted  the  testing  yoke  to  the 
top  cross-piece  of  a  two-wheeled  warehouse  truck  arranged  so  the 
truck  frame  will  stand  vertically  when  tipped  up.  This  arrange- 
ment permits  the  testing  yoke  to  be  quickly  moved  to  the  arma- 
tures which  are  mounted  on  wooden  horses  of  such  height  that  the 
armature  core  center  shall  be  even  with  the  center  of  the  testing 
yoke  when  the  truck  is  tipped  up. 

Bar  to  Bar  Armature  Test    Method  of  locating  open  drcuits, 
short  drcuits  and  grounds  in  a  closed  coil   armature  (Fig.   75). 
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In  the  following  discussion,  ''meter"  refers  to  the  instrument  with 
which  the  readings  are  taken;  this,  may  be  a  galvanometer,  a  low- 
reading  voltmeter,  or  a  telephone  receiver.  If  a  telephone  receiver 
is  used,  "deflection"  refers  to  the  click  of  the  telephone  receiver 
when  the  circuit  is  made  or  broken  through  it.  Two  or  three  cells 
of  battery  will  be  sufficient  for  ordinary  work.    The  battery  is  first 

connected    across  op- 

,aalTMiomet«r,  Low-resdinc  DOSite  commutator 

Yoitmeter  or  Teiephoat  bars.  If  the  deflections 

BeceiTer  are  the  same  when  the 

meter  is  connected  to 
each  pair  of  adjacent 
commutator  bars,  then 
there  are  no  open  cir- 
cuits, short  circuits  nor 
leads  interchanged. 

Open  Circuit.  The 
battery  is  connected 
to  two  points  on  the 
conunutator  (these 
points  need  not  be 
diametrically  opposite 
each  other)  and  the 
meter  is  connected 
across  each  pair  of 
adjacent  commutator 
bars  in  turn.  Zero 
deflection  indicates  an 
open  circuit.  When 
there  is  but  one  open 
circuit  on  one  side 
between  the  battery 
contact  points  there 
will  be  a  great  deflec- 
tion when  the  meter  is 
connected  across  the 
adjacent  commutator 
bars  (as  17  and  18) 
which  lie  on  either  side  of  the  open  circuit.  When  an  open  cir- 
cuit is  located  it  should  be  closed  temporarily  by  a  drop  of  solder 
between  the  two  adjacent  conunutator  bars  between  which  the 
break  occurs.  If  other  open  circuits  exist  they  may  be  locat<xl 
by  shifting  the  battery  contacts  to  other  points  and  repeating  the 
above  process. 

Short  Circuit.  When  the  meter  is  connected  between  two  ad- 
jacent bars  such  as  1-2  and  3-4,  between  which  there  is  a  short 
circuit,  there  will  be  a  very  slight  deflection. 

Leads  Interchanged,    If  as  between  10  and  11  the  deflection  is 
reversed,  the  armature  leads  connected  to  bars  10  and  11  are 
interchanged  from  their  correct  p>osition. 
Ground.    The  battery  is  connected  to  two  points  of  the  com- 


FiG.  75. — Bar  to  bar  armature  test. 
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mutator,  approximately  opposite  each  other,  one  meter  term- 
inal is  connected  to  the  armature  shaft,  and  the  other  is  drawn 
completely  around  the  commutator.  If  there  is  only  one  ground 
there  will  be  found  two  balancing  points,  or  points  giving  the  least 
deflection.  Next,  the  two  battery  contacts  are  to  be  shifted  a  few 
bars  one  way  or  the  other.  When  this  is  done  one  balancing  point 
will  be  found  at  the  same  bar  as  before,  thus  showing  the  approxi- 
mate location  of  the  ground.  The  other  balancing  point  will  move 
with  each  change  of  battery  connection  if  but  one  ground  exists. 

Mummified  Field  Coils.  The  use  of  mummified  strap-wound 
field  coils  with  asbestos  insulation  has  become  practically  universal, 
and  round  wire  is  used  only  on  the  smallest  sizes  of  motors  where 
the  section  is  so  small  that  there  is  no  gain  by  the  use  of  flat  copper 
ribbon.  The  field  coils  are  wound  with  strip  copper  and  insulated 
between  turns  with  strip  asbestos  and  between  deck^  with  flexible 
mica.  After  being  wound,  the  field  coils  are  compounded  in  the 
vacuum  treatment,  which  fills  the  coils  thoroughly.  After  being 
cleaned  of  compound,  the  coils  are  wrapped  with  varnished  cam- 
bric and  tape  and  the  coil  is  submerged  in  insulation  varnish.  Thus 
insulated  with  heat-proof  insulation  in  the  interior,  the  coil  is 
able  to  stand  higher  temperature  than  earlier  types.  The  external 
insulation  makes"  the  coil  practically  waterproof.  This  construc- 
tion makes  a  solid  coil 'which  when  used  with  spring  backing  is 
held  perfectly  tight.  The  purpose  of  the  spring  back  is  to  prevent 
the  chafing  of  insulation,  breaking  Of  leads  and  grounding  of  the 
coil.  The  following  is  A.E.R.E.A.  Proposed  Practice:  "For 
fields  where  temperature  rise  will  not  exceed  65  deg.  that  the 
wire  be  cotton-covered  and  coil  impregnated  with  solid  compound 
and  wrapped  with  varnished  cambric,  further  wrapped  with  heavy 
webbing  and  dipped  in  varnish.  For  fields  where  temperature 
rise  is  65  deg.  to  100  deg.  C,  that  the  wire  be  asbestos-covered, 
and  coil  impregnated  with  solid  compound  and  wrapped  with 
asbestos  tape,  the  %sbestos  tape  to  be  also  thoroughly  impregnated. 
The  above  recommendation  for  temperatures  between  65  deg. 
and  100  deg.  applies  to  strap- wound  fields,  as  well  as  those  of 
round  wire." 

Insulation  Test  for  Field  Coils.    (A.E.R.E.A.  Proposed  Practice.) 

For  roads  using  trolley: 

New  fields 2500  volts,  a.c,  S  seconds 

Old  or  partially  repaired 1000  volts,  a.c.,  5  seconds 

For  roads  using  third  rail  where  voltage  fluctuations  have  to  be 

taken  into  consideration: 

New  fields 3000  volts,  a.c,  s  seconds 

Old  or  partially  repaired 1500  volts,  a.c.,  5  seconds 

Field  Coil  Test  by  Full-load  Current  Full-load  current  is  ap- 
plied to  the  field  coil.  Temperature  and  voltage  drop  across 
the  coil  are  observed  and  compared  with  those  for  a  field  coil 
known  to  be  good. 

Field  Coil  Test  by  Transformer.  During  this  test  the  field  coil 
becomes  the  secondary  winding  of  a  transformer  (Fig.  76).  The 
field  coil  is  placed  on  the  laminated  iron  core  and  the  yoke  placed 
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o  complete  the  magnetic  circuit.    Alternating  cunent  is  then  ap- 
plied  to   tJ>e   primary. 
1^  The    primary    voltage 

.     /     N  __^ ^_l  fhu  ca     a  pplied   and   the  ratio 

\_J  I  \  I       |»M-Ti     of  the  number  of  turns 

'  in  the  coil  under  test 

to  the  number  of  turns 

in     the    primary    coil 

must  not  De  such  that 

a  voltage  dangerous  to 

the  operator  or  iosula- 

oila.        tion    will   be  induced. 

If  there  is  no  short  dr- 

taken  by  the  primary  at  any 


Pio,  Tfi- — Transtotmw  test  £c 

:uit  in  the  field  coil  the  c 


It  for  tesCiog  field  caib — Biaoklyn. 
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Fig.  78. — ^Transformer  for  testing 
field  coils. 


applied  voltage  will  be  the  same  as  without  the  field  coil  in  place  but 
with  the  yoke  in  place.  A  short  circuit  in  the  field  coil  is  evidenced 
by  a  considerable  current  in  the  primary,  and  if  the  applied  voltage 
be  of  sufficient  value  the  field  coil  will  become  appreciably  heated  by 
the  induced  current  flowing  within  itself.  The  terminals  of  a  field. 
coil  found  to  contain  no  short  cir- 
cuit are  then  connected  together 
and  the  test  for  short  circuit  is  re- 
peated on  this  field  coil.  If  there 
is  no  evidence  of  short  circuit  when 
this  is  done  then  there  is  an  open 
circuit  within  the  coil.  If,  how- 
ever, the  test  indicates  a  short 
circuit,  this  field  coil  contains  no 
open  circuit.  Fig.  77  from  the 
Electric  Railway  Journal,  1913, 
shows  the  construction  of  a  field- 
testing  transformer  used  in  the 
^ops  of  the  Brooklyn  Rapid 
Transit  Company.  TTie  frame- 
work A  is  made  of  wood.  5  is  a  slate  panel  20  X  iiH  X  i  in., 
on  which  the  circuit-breaker,  ammeter  and  switch  are  mounted. 
C,  H  and  D,  which  comprise  the  magnetic  circuit,  are  made  of 
several  thicknesses  of  Hs-in.  wrought  iron  dipped  in  shellac.  After 
the  shellac  was  dried,  the  laminations  were  placed  between  the 
two  H-in.  side  pieces  and  riveted  together*.    The  primary  coil  is 

made  up  of  eighty-one 
turns  of  No.  5  B.  &  S. 
double  cotton-covered 
wire  with  twenty- 
seven  turns  between 
T-i  and  T-2  and 
eighty-one  turns  be- 
tween T-i  and  T-3. 
£  is  a  cast-iron 
counter-weight  6^  in. 
in  diameter  and  6  in. 
wide  which  assists  in 
raising  D  and  also  in 
keeping  it  in  the  upper 
position  while  a  field 
coil  is  being  placed  in 
position  for  testing  or 

.    . «  .,  «  M     ^    a,  while  one  is  being  re- 

standard  coU  Coil  under  Teit  ^^,  ^j       t,!,^  ^^iTl    c 

_  T  J    *        I.  t        *    *   X-     c  u     -1     moved.     The  arms,  r. 

Fig.  79' — Inductance  balance  for  testing  field  coils.  j««jg  of  U  X  2  in   flat 

iron,  bolted  to  X>,  have  the  counterweight  attached  at  the  other 
end  and  are  free  to  turn  on  a  pin.  D  and  counterweight;.  E  thus 
revolve  on  the  same  pin,  which  is  supported  by  two  brackets,  one 
on  each  of  the  upright  members  of  the  wooden  frame. 

Fig.  78  shows  another  arrangement  for  making  the  transformer 
test  of  field  coils.    C  C  are  two  similar  coils,  so  connected  that 
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the  voltage  induced  in  one  sh£Il  oppose  that  induced  in  the- other. 
The  field  coll  to  be  tested  is  placed  on  one  of  the  legs  A  (the  yoke 
not  being  used  in  this  case)  and  an  alternating  current  is  applied 
to  the  primary  coil.  If  the  field  coil  under  test  contains  no  short 
circuit,  the  sound  in  the  telephone  receiver  will  be  very  faint.  If, 
however,  there  is  a  short  circuit  in  the  field  coil,  this  will  unbalance 
the  fluxes  through  C  C  and  the  sound  in  the  telephone  receiver  will 
be  loud.  The  terminals  of  a  field  coil  found  to  contain  no  short 
circuit  are  then  connected  together  and  the  test  for  short  circuit  is 
repeated.  A  loud  sound  in  the  telephone  receiver  now  indicates 
that  there  is  no  open  circuit  in  the  field  coil.  A  faint  sound  indi- 
cates that  there  is  an  open  circuit  in  the  field  coil.  If  it  is  desired, 
this  apparatus,  together  with  the  yoke  but  without  the  telephone 
receiver,  may  be  used  to  test  field  coils  in  the  manner  outlined  in 
the  preceding  paragraph. 

Field  Coil  Test  by  Inductance  Balance  (Fig.  79).  Instead  of 
the  battery  and  buzzer  indicated,  a  low-voltajge  alternating  current 
may  be  used.  A  standard  coil  known  to  be  faultless  and  similar 
to  what  the  coil  under  test  should  be  if  perfect,  also  the  coil  to  be 
tested  are  connected  as  shown.  The  adjustable  inductances  A  and 
B  are  then  adjusted  to  give  a  balance  which  is  indicated  by  the 
faintest  sound  in  the  telephone  receiver.  If  A  and  B  are  then 
practically  alike,  the  coil  under  test  is  without  short  circuit  or  open 
circuit.  If,  however,  B  is  less  than  A  there  is  a  short  circuit  in  the 
coil  under  test. 

Insulating  Materials  for  Railway  Shop  Use 
(A.E.R.E.A.  Miscellaneous  Methods  and  Practices) 

Definitions.  Air  Drying  Varnishes.  Linseed  oil  or  other  dry- 
ing oils,  with  such  driers  and  treatment  as  to  dry  quickly  without 
necessity  for  baking. 

Baking  Varnishes,  Linseed  oil  or  other  dr3dng  oils,  with  gums 
and  driers.    Requires  baking. 

Spirit  Varnishes,  Animal  or  vegetable  gums,  shellac,  copal,  etc., 
dissolved  in  alcohol,  amyl  acetate,  benzine,  etc. 

Insulating  Paints,  Solutions  of  asphalt,  and  mineral  gums  in 
carbon  bisulphide,  naphtha,  etc. 

Impregnating  Compounds,  Petroleum  asphalt,  melting  point 
105  to  115  deg.  C,  used  for  impregnating  motor  fields,  etc.  Paraf- 
fine  and  Unseed  oil  are  each  used  as  impregnating  material  for 
special  purposes  as  described  below. 

Air  drying  varnish  should  be  composed  of  linseed  oil  or  other 
drying  oils  sufficiently  treated  and  with  proper  amount  of  dryers  so 
that  varnish  will  dry  in  2  or  3  hours,  leaving  a  smooth,  flexible  sur- 
face. Baking  not  required.  Should  be  both  oil  and  moisture  proof. 
Should  not  crack,  soften  or  become  tacky  at  100  deg.  C. 

Baldng  Varnish.  Composed  of  high-grade  linseed  oil,  with  some 
gums  and  dryers.  Baking  varnish  should  not  be  used  except  baked 
at  100  to  no  deg.  C.  for  10  or  12  hours.    Characteristics:  high 
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melting  point,  flexibility,  smooth,  glossy  surface,  good  filler,  high 
insulating  qualities,  oil  and  moisture  proof. 

Spirit  varnishes  are  composed  of  animal  and  vegetable  gums,  such 
as  shellac,  <:opal,  etc. ,  dissolved  in  spirits.    Characteristics :  oil  proof 
but  not  moisture  proof;  good  stickers  and  binders,  but  not  neces-- 
sarily  good  insulators.    In  general  they  soften  at  loo  deg.  C. 

Note:  On  string  band  or  webbing  covering  mica  at  the  outer 
end  of  the  commutator  it  is  recommended  that  no  varnish  be  used 
that  will  soften  at  a  temperature  of  loo  deg.  C. 

Insulating  Paints.  These  are  solutions  of  asphalt  or  mineral 
gum  in  naphtha  or  other  solvents.  Characteristics  are  moisture 
proof  but  not  oil  proof,  lacking  in  toughness,  good  as  a  sticker  and 
paint,  but  not  high  in  insulating  qualities. 

Impregnating  Compounds.  Asphalt  Compounds,  Composed  of 
asphalt.  Characteristics:  Different  asphalts  have  widely  different 
melting  points.  The  asphalt  to  be  used  is  one  in  which  the  melting 
point  is  above  the  operating  temperature,  preferably  no  deg.  C. 
At  ordinary  temperature  should  be  somewhat  ptiablej  but  should 
not  flow.  At  melting  point  should  flow  freely.  Is  moisture  proof, 
but  not  oil  proof.  Good  as  a  filler,  and  has  fair  insulating  qualities. 
Asphalt  should  be  practically  free  from  volatile  matter.  In  order 
to  get  a  good  penetrating  asphalt  the  committee  recommends  that 
the  asphalt  shall  not  contain  more  than  5  per  cent,  of  constituents 
insoluble  in  carbon  bisulphide  (CS2). 

Paraffine  is  a  mineral  gum  of  a  low  melting  point,  suitable  for 
impregnating  wood  for  outside  or  low  temperature  work.  Is  not 
suitable  for  use  in  railway  apparatus  where  working  temperature 
is  over  50  to  60  deg.  C. 

Linseed  oil  is  excellent  for  filling  wood  parts  of  railway  apparatus. 
The  parts  should  be  boiled  in  raw  linseed  oil  until  filled  and  then 
baked  to  oxidize  same,  the  wood-  to  be  finished  with  either  an  air 
drying  or  baking  varnish.  Wood  treated  in  this  manner  is  excellent 
for  outdoor  work,  exposed  to  climatic  conditions.  Linseed  oil 
hardens  under  temperature,  does  not  melt,  is  moisture  and  oil  proof 
and  is  flexible  and  strong. 

Tests  for  Insulating  Materials.  The  following  simple  tests  are 
recommended  for  the  various  substances :  Without  an  elaborate  test- 
ing laboratory,  it  will  be  impossible  to  find  the  exact  values  of  tests 
on  the  various  insulating  compounds,  but  these  tests  can  be  made 
with  little  or  no  apparatus  and  serve  as  very  good  general  tests  of 
the  material. 

AsphaU.  The  chief  consideration  in  connection  with  asphalt 
.is  the  melting  point.  Asphalt  can  be  obtained  from  a  low  to  a  very 
high  melting  point.  Some  asphalts  contain  as  high  as  30  per  cent, 
of  inorganic  matter.  In  order  to  determine  how  much  inorganic 
matter,  a  certaia  definite  amount  of  the  asphalt  can  be  melted  and 
burned  away  in  an  ordinary  crucible  or  gas  flame.  The  presence 
of  sulphur  and  the  degree  may  be  determined  by  melting  the 
asphalt  and  allowing  a  bright  sheet  of  copper  to  remain  in  the 
melted  asphalt  for  2  or  3  days.  The*  tarnishing  of  the  bright 
copper  will  indicate  the  presence  and  quantity  of  sulphur. 
20 
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Linseed  Oil.  Linseed  oil  may  be  heated  up  to  the  boiling  point* 
and  if  there  be  any  foaming  and  spluttering  as  it  begins  to  boil,  it 
indicates  presence  of  water  in  the  oil.  Linseed  oil  may  have  a 
sediment  usually  known  as  ''foots."  The  relative  amount  may  be 
approximately  determined  by  allowing  a  sample  of  the  oil  to  stand 
in  a  test  tube  for  about  24  hours  and  noting  the  amount  of  sediment 
deposited.  Regular  boiled  oil  has  a  specific  gravity  of  0.945  or 
higher,  whereas  the  ordinary  boiled  oil  which  has  been  produced  by 
pouring  into  the  bunghole  a  certain  amount  of  drier,  has  a  specific 
gra.vity  but  little  higher  than  raw  linseed  oil,  this  specific  gravity 
being  0.931.  Acids  are  used  during  the  process  of  refinement.  In 
order  to  test  the  amount  of  acids,  it  would  be  well  to  immerse  a, 
bright  copper  strip  in  the  oil  for  several  days. 

Japans  and  Varnishes.  These  should  be  tested  At  a  temperature 
which  is  ordinarily  used  in  service.  After  the  coating  has  thor- 
oughly dried  in  the  air  or  by  baking,  according  to  which  treat- 
ment the  material  is  designed,  the  flexibility  of  the  coat  may  be 
determined.  It  would  be  well  to  test  with  a  bright  copper  strip 
for  acids. 

Shellac.  Shellac  contains  more  or  less  rosin.  The  determina- 
tion of  this  requires  elaborate  analysis.  The  quality  of  the 
shellac,  however,  may  be  determined  by  painting  on  bright  tin, 
and  by  making  comparisons  with  other  shellacs,  the  flexibility  may 
be  determined.  A  very  flexible  shellac  has  little  or  no  rosin.  The 
presence  of  rosin  makes  it  brittle.  It  would  be  well  to  test  with  a 
bright  copper  strip  for  acids. 

Faraffine.  The  chief  difficulty  in  paraffine  is  water  and  sul- 
phuric acid  from  the  refining  processes.  The  amount  of  water 
can  be  determined  by  heating ;  foaming  and  sputtering  on  reaching 
the  boiling  point  indicating  Uie  presence  of  water.    Sulphuric  acid 

can.be  detected  by  the  immersion  of 

a  bright  copper  strip,  or  by  mixing 

some  of  the  paraffine  with  boiling 

r?V?i  i=1    rfr^  water  and  then  pouring  off  the  water 

and  testing  with  litmus  paper. 

Straightening  Armature  Shafts. 
Screw  Press.  The  following  descrip- 
tion of  a  screw  press  for  straighten- 
ing armature  shafts  is  from  the  1908 
Committee  on  Maintenance  and 
Inspection,  A.E.R.E.A.  (Fig.  80). 
The  screw  is  2H  in.  in  diameter,  the 
columns  2-in.  rod, -the  top  and  bed 
block  cast  iron,  and  the  bar  iH4n. 

Fig.  8o.~Screw  press  for  straight-  octagonal  steel  8  ft.  long     The  bent 
ening  armature  shafts.  portion  of  the  shaft  IS  laid  on  the 

V-blocks  and  the  screw  pressure  ap- 
plied between  them.  Where  the  shaft  is  bent  close  to  or  inside 
the  laminated  core,  the  core  is  carried  on  a  piece  of  leather  on  the 
concave  part  of  the  bed  block,  and  the  shaft  supported  by  one 
V-block.  For  convenience  the  press  is  operated  on  the  bed  of 
a  large  engine  lathe.    The  armature  is  removed  from  the  lathe 
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centers  when  pressure  is  applied,  after  which  it  is  placed  on  centers 
to  try  shaft  for  straightness. 

Hot  Straightening,  The  following  description  and  account  is 
from  practice  in  the  shops  of  the  Boston  Elevated  Railway,  Elec- 
tric Railway  Journal,  1910.  The  shaft  to  be  straightened  is  heated 
by  a  hollow  cast-iron  collar  inside  of  which  a  mixture  of  gas  and  air 
is  burned.  When  assembled,  the  cc^ar  is  14  in.  in  diameter,  7.5 
in.  long  and  has  a  central  longitudinal  hole  5  in.  in  diameter  through 
which  the  shaft  extends  in  the  process  of  heating.  The  collar  is 
made  in  two  parts  which  are  latched  together;  each  half  is  a  cored 
casting  having  walls  H  in.  thick  and  its  core  holes  plugged  with 

gipe  plugs.  The  inside  of  each  half  cylinder  is  drilled  with  Hrin. 
oles  used  as  flame  apertures,  of  which  there  are  96  in  the  complete 
collar.  Each  half  is  supplied  with  gas  and  air  through  H-in.  pipes. 
When  used  the  collar  is  set  on  a  metal  plate  across  the  bed  of  a 
lathe  and  the  shaft  to  be  straightened  is  placed  inside  the  collar 
and  held  in  position  between  special  lathe  centers  until  it  is  heated 
to  a  red  heat.  Shafts  were  formerly  bent  in  cold  condition  by  one 
man  and  a  helper,  the  work  requiring  from  2  to  3  hours,  ac- 
cording to  the  nature  of  the  distortion.  By  the  heating  process 
it  was  done  by  one  man  in  one-half  to  three-quarters  of  an  hour, 
and  the  shaft  was  left  in  better  condition  than  when  bent  cold. 
Formerly  trouble  was  experienced  from  the  crystallization  and  sub- 
sequent breakage  of  cold-bent  shafts.  The  heating  was  not  detri- 
mental to  the  wearing  value  of  the  metal  and  the  resulting  strength 
improved  the  service  materially. 

Railway  Motor  Gears  and  Pinions 

Pitch.  The  diametrical  pitch  (number  of  teeth  per  inch  of  diam- 
eter of  pitch  circle)  commonly  used  is  2.5;  3  is  also  used,  but  for 
motors  of  not  greater  than  75  rated  h.p.  Larger  teeth  are  used 
on  locomotives. 

Taper  of  Ptoion  Bore.  A  taper  for  bore  of  pinion  in  the  propor- 
tion of  1.25  in.  in  diameter  to  i  ft.  in  length  was  adopted  as 
standard  by  the  Am.  El.  Ry.  Eng.  Assn.,  191 1. 

'  Cast  Steel  Split  Gears.  The  halves  of  eight  bolt  gears  are  fas- 
tened together  by  four  bolts  on  each  side  of  the  hub,  two  of  each 
four  being  placed  beside  each  other  near  the  hub,  and  the  other  two 
as  near  the  rim  as  possible.  There  are  two  methods  of  bolting  the 
halves  of  four  bolt  gears  together.  One  method  is  to  place  one  bolt 
on  each  side  of  the  hub  and  the  other  two  out  near  the  rim.  Another 
method  is  to  place  two  bolts  on  each  side  of  the  hub,  side  by  side 
between  hub  and  rim.  A  complaint  in  connection  with  split  gears 
is  that  the  bolts  are  often  stretched  beyond  their  elastic  limit. 

.Cast  Steel  Solid  Gears.  Generally  speaking,  solid  gears  can  be 
made  stronger  and  lighter  than  split  gears,  moreover,  they  require 
no  key  seating  in  the  axle. 

Diameter  Allowance  and  Pressure  Required  to  Fit  Solid  Gears. 
From  a  paper  by  Mr.  T.  W.  Williams  before  the  Street  Railway 
Association  of  the  State  of  New  York,  19 10:  "An  allowance  of 
o.ooi  in.  for  every  inch  of  axle  diameter  should  require  from  40  to 
60  tons  to  force  the  gear  in  place,  and  such  a  fit  is  ample  to  prevent 
the  gear  from  slipping." 
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Tooth  Pressure.  In  a  paper  on  the  design  of  the  electric  loco- 
motive by  Messrs.  N.  W.  Storer  and  G.  M.  Eaton,  A.I.E.E.,  1910, 
it  is  stated  that  experience  indicates  a  pressure  of  1000  lb.  per  inch 
width  of  gear  face  as  a  perfectly  practicable  value  for  continuous 
rating  of  large  gears,  and  that  with  special  steel  pinions  and  high- 
grade  gears  it  is  probably  safe  to  exceed  this  figure.  In  the  St. 
Clair  Tunnel  locomotives  the  pressure  is  carried  on  a  single  gear 
having  a  6-in.  width  of  face  on  the  gears.  The  life  of  the  pinions 
is  40,000  to  50,000  miles.  With  the  normal  loads  at  which  the  loco- 
motive operates  on  up  grade  the  pressure  is  from  1500  to  2000  lb. 
per  inch  width  of  face  on  the  gears. 

Factors  Essential  to  Durability  of  Gears  aad  Pmions.  The  most 
important  factors  conducive  to  long  life  of  gears  are:  (i)  Proper 
steel  properly  treated;  (2)  proper  alinement;  (3)  proper  lubri- 
cation; (4)  tight  gear  cases. 

Specifications  for  Gears  and  Pinions  for  Motors  of  60  h.p.  and 
Over.  The  following  specifications  for  gears  and  pinions  were  sug- 
gested by  the  190S  committee  on  maintenance  and  inspection  of 
the  Am.  El.  Ry.  Eng.  Assn. :  Castings  to  be  of  open-hearth  steel  or 
other  approved  process.  They  must  be  free  from  shrinkage  cracks 
and  spongy  portions.  The  design  of  gear  must  be  such  as  to  mini- 
mize shrinkage  strains.  The  unfinished  surfaces  must  be  reason- 
ably smooth  and  free  from  sand  and  scale.  The  finished  surface 
of  the  teeth  and  the  finished  rim  below  teeth  should  be  reasonably 
free  from  sand,  gas  or  blow  holes  and  must  not  fall  below  specifica- 
tions as  given  below.  No  tooth  or  finished  surface  between  teeth 
shall  have  sand,  gas  or  blow  holes  which  will  reduce  the  strength  of 
the  tooth  more  than  10  per  cent,  on  motors  of  100  h.p.  or  under,  or 
more  than  yH  per  cent,  for  motors  of  100  h.p.  or  over.  When  sand 
holes  are  detected  in  a  tooth,  a  chisel  with  9i«-in.  cutting  edge  should 
be  used  to  determine  the  depth  and  extent,  as  frequently  a  hole 
which  appears  on  the  surface  to  be  very  small  will  be  foimd  to  con- 
tain a  great  deal  of  sand.  In  the  case  of  gas  or  blow  holes,  the  chisel 
should  be  used  to  open  them  up  if  possible  and  then  a  small  piece  of 
flexible  wire  inserted  to  find  the  extent  of  the  cavity  to  which  they 
lead.  If  this  cavity  enlarges  under  a  tooth  or  between  teeth  in  such 
a  manner  as  to  affect  the  strength  of  the  tooth  to  the  extent  men- 
tioned above,  the  gear  will  be  rejected.  The  other  portions  of  the 
gear  must  not  contain  gas,  shrinkage  or  sand  holes  to  affect  the 
strength  of  these  portions  more  than  10  per  cent.  It  is  the  practice 
of  some  manufacturers  of  gears  to  fill  gas  or  shrinkage  holes  with  a 
mixture  or  compound  wWch  greatly  resembles  the  metal  itself.^ 
This  does  not  add  to  the  strengUi  of  the  tooth  or  gear,  and  prevents 
the  above  inspection  being  made.  The  committee,  therefore,  recom- 
mends that  any  gears  so  treated  be  rejected.  The  thickness  of  the 
rim  between  the  teeth,  measured  at  a  point  H  in.  from  the  finished 
edge  of  rim,  must  not  be  less  than  }i  in.  for  3-pitch  teeth,  and  H  in. 
for  2j'6-pitch  teeth.  For  split  gears,  the  aggregate  cross-sectional 
area  of  the  bolts  or  studs  holding  halves  together,  preferably,  should 
not  be  less  than  4.8  sq.  in.,  measured  in  the  body  of  the  bolt,  for  the 
lightest  gear,  and  increase  for  the  heavier  gears  consistently  with 
other  dimensions.    All  nuts  must  be  positively  locked  by  means 
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other  than  a  spring  lock  washer.  The  thickness  of  the  teeth,  com- 
pared one  with  another,  must  not  vary  more  than  o.oi  in.  and  thick- 
ness at  correct  pitch  line  must  not  exceed  the  correct  thickness  and 
must  not  run  below  correct  thickness  by  more  than  o.oio  in.  Pitch 
line  must  be  concentric  with  bore.  On  solid  gears  with  axles  up  to 
6  in.  in  diameter,  the  bore  must  not  vary  in  diameter  more  than 
o.ooi  in.  over  and  0.002  in.  under  given  dimensions.  For  split 
gears  the  bore  must  not  be  greater  than  given  dimensions.  All 
gears  should  be  stamped  with  the  name  of  manufacturer  and  date 
of  manufacture  in  a  place  not  subject  to  wear  and  where  same  can  be 
seen  without  removal  of  gear.  The  steel  in  gears  must  not  contain 
more  than  0.06  per  cent,  sulphur  or  more  than  0.06  per  cent,  phos- 
phorus, and  must  have  the  following  physical  properties:  Tensile 
or  ultimate  strength  not  less  than  60,000  lb.  per  square  inch;  elastic 
limit  or  yield  point  not  less  than  27,000  lb.  per  square  inch; 
elongation  in  2  in.  not  less  than  15  per  cent,  per  square  inch;  con- 
traction of  Urea  not  less  than  20  per  cent,  per  square  inch.  The 
bolts  used  for  split  gears  should  have  the  following  physical  proper- 
ties: Ultimate  strength,  60,000  lb.  per  square  inch;  elastic  limit, 
35,000  lb.  per  square  inch.  The  committee  recommends  the  serious 
consideration  of  solid  gears  and  their  adoption  wherever  practicable. 

Specifications  for  Railway  Motor  Pinions,  for  Motors  of  60  h.p. 
and  Over.  Finished  surface  of  teeth  must  be  absolutely  free  from 
flaws  of  any  kind.  The  thickness  of  the  teeth,  compared  one  with 
another,  must  not  vary  moire  than  o.oio  in.,  and  thickness  at  correct 
pitch  line  must  not  exceed  the  correct  thickness  and  must  not  run 
below  correct  thickness  by  more  than  o.oio  in.  Pitch  line  must  be 
concentric  with  bore.  The  bore  must  not  vary  in  diameter  more 
than  o.ooi  in.  under  and  o.ooi  in.  over  given  dimension.  The  name 
of  the  nianufacti^er  and  date  of  manufacture  should  be  stamped  on 
the  pinion  in  a  place  not  subject  to  wear;  preferably  on  the  end  of 
pinion  on  wHich  the  diameter  of  bore  is  smallest.  Their  physical 
characteristics  should  be  as  follows:  Tensile  strength,  110,000  lb. 
per  square  inch  (minimum);  elastic  limit,  70,000  lb.  per  square 
inch  (minimum);  elongation  in  2  in.,  15  per  cent.;  reduction  of 
area,  20  per  cent. 

Classification  of  Gears  and  Pinions.  The  following  classification 
of  gears  and  pinions  according  to  material  and  treatment  was  given 
by  the  1912  committee  report  on  equipment  Am.  El.  Ry.  Eng. 
Assn. : 

f  Plain 
Cast  steel     \  Alloy  f  Quenched 

( Heat  treated  \  Surface  treated 
Gears  \ 

[Plain 

•  Alloy  f  Quenched 

Heat  treated  \  Surface  treated 

Plain 
Pinions,     Forged      •  Alloy  (Quenched 

[  Heat  treated  \  Surface  treated 

Physical  Characteristics  and  Chemical  Composition  of  Gears 
and  Pinions.  The  following  tables  of  approximate  values  were 
constructed  on  the  same  report  (hardness  as  given  is  from  Brinnel 
Hardness  Gage):  , 


Forged  or 
RoU^  steel 
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Physical  Characteristics,  Gears 


Material 

Tensile 

strength, 

pounds 

Elastic 

limit, 

pounds 

Reduction 

in  area, 

per  cent. 

Elongation, 
per  cent. 

Hard- 
ness 

Cast  steel.' 

< 

60,000 
75.000 

85.000 
95,000 

25.000 
45.000 

5  5. 000 
5  5. 000 

ao 
40 

35 
30 

18 
24 

22 
30 

>Jto 

Cast  steel  (tempered 

in  oil). 
Forged  steel 

200 
165 

Hard  steel  alloy 

Physical  Characteristics,  Pinions 


Material 

Tensile 

strength, 

pounds 

Elastic 

limit, 

pounds 

Reduction 

in  area, 

per  cent. 

Elongation, 
per  cent. 

Hard- 
ness 

Forged,  (low  carbon) . . 
Plain     forged     (high 

carbon). 
Heat-treated     forged 

(low  carbon). 
Heat-treated     forged 

(high  carbon). 
Special  alloy 

55,000 
85.000 

100,000 

115,000 

95,000 

25,000 
50,000 

5  5, 000 

82,000 

55.000 

35 
40 

40 

33 
30 

SO 
20 

z8 

15 
30 

ISO 
200 

230 

300 

Chemical  Composition  of  the  Above  Gears  and 

Pinions 


Piece 

Carbon, 
per  cent. 

Manga^ 

nese, 
per  cent. 

Phosphorus, 
per  cent. 

Sulphur, 
per  cent. 

Cast  steel  gear 

0.40 
0.40 
0.40 

0.60 

0.30 

0.60 
0.60 
0.60 

0.7S 
0.13 

0.04  (max.) 
0.04  (max.) 
0.04  (max.) 

0.04  (max.) 

0.04 

0 .  OA  (max.) 

Forged  steel  gear 

o.oj.  (max.^ 

Forged    steel    pinion    (low 

carbon). 
Forged  steel  pinion   (high 

carbon). 
Special  alloy  pinion 

0.04  (max.) 
0.04  (max.) 
0.04 

Approximate  Life  of  Gears  and  Pinions.  The  following  informa- 
tion is  from  a  paper  by  Mr.  T.  W.  Williams  at  a  meeting  of  the 
Street  Railway  Association  of  the  State  of  New  York.  Data  from 
gears  and  pinions  (2.5  pitch)  on  loo-h.p.  motors  on  two  cars  identical 
as  to  weight,  motor  capacity,  running  schedule  and  route.  The  life 
was  estimated  by  subtracting  the  amount  of  wear  on  the  pitch  circle 
of  the  teeth  after  running  50,000  miles  from  the  original  thickness 
and  then  estimating  how  many  more  car  miles  the  teeth  could  run 
before  o.i  in.  had  been  worn  from  each  face  of  the  teeth,  on  the 
basis  that  the  wear  would  be  constant  throughout  their  life.  The 
pitch  of  all  the  gears  was  2.5. 


Description 

Life  of  pin- 
ion, miles 

Life  of  gear, 
miles 

Untreated  high  carbon  pinion  running  with  cast 

steel  gear. 
Heat-treated    high  carbon  pinion  running  with 

cast  steel  gear. 
Heat-treatedf   high  carbon  pinion  rtmning  with 

heat-treated  high  carbon  gear. 
Case-hardened  pinion  running  with  case-hardened 

gear. 

70,000 
100,000 
250,000 
200,000 

220.000 
240,000 
750.000 
650,000 
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The  following  from  the  same  source  is  from  tests  of  pinions  under 
severe  service  conditions  with  a  view  to  determining  the  relative 
merits  of  alloy  steels,  both  treated  and  untreated,  also  heat-treated 
carbon  steel.  The  pinions  were  of  2.5  pitch  \and  14.5  deg.  angle. 
("No.  I "  and  "No.  2  "  refer  to  the  companies  furnishing  the  steel.) 

Untheated  Chrome  Nickel  Steel,  No.  i,  4  Pinions 

One  broken  jifter 33.300  miles 

One  worn  out  after 84,800  miles 

One  broken  from  outside  causes 85,600  miles 

One,  record  lost. 

Chsome  Nickel  Heat-treated  Steel,  No.  1,  4  Pinions 

One  broken  after 26,000  miles 

One  broken  after 82,000  miles 

Two,  record  lost. 

Chrome  Nickel,  No.  2,  4  Pinions 

None  broken 

Two  worn  out  after  an  average  of 98,500  miles 

Two  broken  from  outside  causes  after  average  of.   49,000  miles 

Chrome  Nickel  Heat  Steel,  Untreated,  4  Pinions 

One  broken  after. 48,500  miles  . 

One  worn  out  after - 33,ooo  miles 

One  removed  due  to  change  in  gearing  after. . . .  ii7iO0O  miles 
One,  record  lost. 

Chr<5me  Tungsten  Nickel  Steel,  Untreated,  4  Pinions  ' 

None  broken 

Two  broken  from  outside  causes  after  an  aver- 
age of 82,000  miles 

One  removed  due  to  change  in  gearing  after 119,000  miles 

One,  i:ecord  lost. 

Carbon  Heat-treated  Steel,  10  Pinions 

None  broken,  none  worn  out. 

Three  broken  from  outside  causes  after  an  aver- 
age of 73,800  miles 

Five  removed  due  to  change  in  gearing  after  an 

average  of  approximately 115,000  miles 

Two,  record  lost. 

The  above  tests  indicate  the  advisability  of  using  high-grade 
heat-treated  steel  or  case-hardened  steel  fdr  gears  and  pinions  used 
with  railway  motors  up  to  75  h. p.  capacity,  while  heat-treated  car- 
bon steel  alone  is  best  suited  for  gears  and  pinions  which  are  subjected 
to  higher  tooth  stresses  by  motors  of  larger  capacity;  for  not  only  will 
the  breakage  of  the  teeth  be  reduced  to  a  minimum,  but  the  cost  of 
the  gearing  per  mile  run  will  be  considerably  lower,  notwithstanding 
the  relatively  high  price  paid  for  it. 

"Columbus  Shop  Notes,"  Electric  Railway  Journal,  191 2,  gives 
as  an  average,  figured  from  results  with  440  cars  in  1911: 

GE  grade  D  gear 176,201  miles 

GE  grade  D  pinion 127.4S1  miles 

Necessity  of  High  Quality  of  Pinion  Material  for  Large  Motors. 
The  following  statement  was  taken  from  the  report  of  the  1912 
Committee  on  Electrical  Equipment,  Am.  El.  Ry.  Eng.  Assn.: 
"Your  committee  would  call  your  attention  to  the  higher  duty 
required  of  pinion  material  on  the  larger  sizes  of  motors,  as,  for  in- 
stance, a  40-h.p.   motor  pinion  has  a  5-in.  face  while  a  200-h.p. 
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motor  pinion  has  but  5.25  in.  face.  It  is,  therefore,  of  vital  im- 
portance that  consideration  be  giv'en  to  pinion  material  being  of 
quality  suitable  for  the  higher  duty.'' 

Material  and  Wear  of  Gears  and  Pinions.  The  following  is  an 
extract  from  the  report  of  the  19 10  Committee  on  Equipment, 
Am.  El.  Ry.  Eng.  Assn. : 

"Your  committee  .  .  .  would  suggest  that  careful  considera- 
tion be  given  to  the  matter  of  gear  vibration,  as  it  is  evident  from 
experiments  made  by  one  of  the  large  manufactiuing  companies  that 
this  is  responsible  to  a  large  degree  for  many  failures  such  as  broken 
armature  leads,  broken  gear  bolts,  gear  and  motor  cases,  as  well  as 
broken  armature  shafts  and  axles.  It  woidd  seem,  therefore,  ad- 
visable to  establish  limit  of  gear  wear  with  reference  to  the  elimina- 
tion of  gear  vibration  rather  than  with  reference  to  the  mechanical 
endurance  of  pinion  and  gear  teeth  as  is  present  practice.  This 
naturally  includes  the  limits  of  wear  on  axle  and  armature  bearings 
with  reference  to  the  proper  meshing  of  pinions  and  gear  teeth. 
Such  limits  can  only  be  properly  established  after  careful  investi- 
gation, which  your  committee  has  been  unable  to  make,  and  would 
recommend  that  it  be  taken  up  during  the  coming  year.  For  the 
information  of  the  members  and  with  a  view  to  promoting  discu^on 
on  the  subject,  your  Committee  takes  the  liberty  of  quoting  from 
letters  received  from  two  prominent  manufacturers  of  equipment, 
on  this  subject  as  follows: 

Letter  No.  i.  75  k.p,  and  under:  Motors  of  75  h.p.  and  imder 
may  use'  three  kinds  of  gears  and  two  kinds  of  pinions. 

Gears:  First — Usual  steel  casting  for  both  solid  and  split  gears. 
Second — High  carbon  steel  oil  quenched  rims.  Third — Case- 
hardened  teeth,  case  hardening  to  be  at  least  Ho  in.  deep. 

Pinions:  First — High  carbon  steel  oil  quenched.  Second — Case 
hardened. 

The  gears  should  be  of  the  same  characteristics  as  the  pinions. 
This,  however,  is  onlv  possible  in  solid  gears;  split  gears  should  con- 
tinue to  be  made  of  the  usual  steel  casting. 

The  characteristics  of  the  high  carbon  steel  should  be: 

Tensile  strength 115.000  to  120,000  lb. 

Elastic  limit 80.000  to    85,000  lb. 

Reduction  in  area 30  to  35  per  cent. 

Elongation 13  to  15  per  cent. 

For  the  high  carbon,  the  above  physical  properties  can  be  ob- 
tained and  the  above  specifications  should  be  rigidly  held  to. 

Over  75  h.p.  For  motors  of  over  75  h.p.,  only  the  high  carbon 
steel  oil  quenched  should  be  used  for  both  gears  and  pinions. 

Case  Hardening.  A  case  hardening  of  a  thin  skin  of  say,  o.oio  in. 
is  of  small  value.  The  case  hardening  should  extend  to  at  least 
Ho  in.  or  to  a  depth  to  which  the  teeth  are  allowed  to  wear. 

Allowable  Wear  of  Pinion  and  Gear  Teeth.  This  is  limited,  first 
by  noise,  and  second  by  strength  of  the  material  of  the  teeth.  High 
carbon  steel  maintains  elastic  limit  of  80,000  lb.  all  the  time.  In 
order  to  get  good  case  hardening  it  is  necessary  to  start  with  a  lower 
carbon  steel,  and  when  the  case  hardening  is  worn  off,  the  elastic 
limit  of  the  material  left  is  about  one-third  of  the  value  of  a  high 
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carbon  oil  quenched  steel.  Thus,  the  limit  of  wear  from  the  stand- 
point of  strength  may  be  considerably  less  with  the  case-hardened 
pinion  than  with  high  carbon  oil  quenched  steel.  A  high  carbon 
steel  tooth  apparently  may  be  worn  until  the  thickness  at  the  pitch 
line  is  two-thirds  of  the  original  thickness.  The  Umit  of  wear 
for  a  case-hardened  pinion  should  be  slightly  less  than  the  depth  of 
case  hardening.  As  affecting  the  strength  of  the  pinion  and  gear 
teeth,  the  proper  fit  of  these  teeth  should  be  maintained.  Excessive 
wearing  of  armature  and  axle  bearings  not  only  gets  the  pinion  and 
gear  out  of  mesh,  but  causes  the  teeth  hot  to  fit  entirely  across  the 
face.  The  gear  and  pinion  are,  therefore,  at  an  angle  to  each  other, 
bringing  a  greater  strain  on  the  end  of  the  teeth  nearer  the  motor.  It 
seems  that  a  good  limit  for  the  wear  of  bearings  is  that  they  should 
not  be  worn  in  any  place  to  a  greater  extent  Uian  %4  in.  measured 
from  the  center,  or  in  other  words,  radially.  It  would  not  be  safe 
to  measure  this  as  H  in.  in  diameter  for  the  reason  that  the  bearings 
might  be  worn  on  one  side.  The  rapid  development  of  material 
and  treatment  of  the  materials,  together  with  the  relative  costs  and 
Uf  e  of  gears  and  pinions,  may  radically  change  these  suggestions  in  a 
year  or  so.  Some  of  the  points  on  which  there  is  development  are, 
material,  treatment  of  material,  and  shape  of  tooth. 

Letter  No.  2.  Material,  From  a  wearing  standpoint,  material 
for  gears  and  pinions  should  be  hard,  so  as  to  withstand  the  severe 
punishment  of  the  b'ne  contact  load  of  the  two  teeth  in  contact. 
This  hardness,  however,  must  not  be  obtained  at  the  sacrifice  of 
ductility,  as  the  shocks  on  gear  and  pinion  teeth  due  to  reversing, 
flashing  and  back-lashing,  due  to  worn  teeth  and  bearings  or  the 
jumping  of  the  wheels  at  high  speed  on  rough  track,  is  very  great 
and  extreme  hardness  of  course  generally  tends  toward  brittleness. 
The  material  which  has  been  f oimd  most  reliable  so  far,  is  a  special 
treated  carbon  steel.  Gears  and  pinions  of  this  type  are  showing 
extremely  good  life  and  freedom  from  breakage  under  very  severe 
service.  Case-hardened  gears  and  pinions  are  being  tried  on  a 
fairly  large  scale  and  give  promise  of  good  results.  They  are  more 
apt  to  be  noisy  at  first,  owing  to  distortion  in  treatment,  which 
appears  to  be  unavoidable.  However,  their  greater  freedom  from 
wear  will  make  them  less  noisy  during  their  life  than  other  types  of 
gears.  Where  case-hardened  gears  are  used,  great  care  must  be 
taken  to  retain  sufficient  ductility  in  the  material  under  the  case 
hardening  to  prevent  breakage.  They  have  the  advantage  of  re- 
taining nearly  the  full  tooth  size  and  proportions  through  their  life, 
as  the  wear  is  very  slow,  until  the  case  is  worn  through,  but  as  soon 
as  it  wears  through  on  some  teeth,  these  teeth  will  wear  rapidly, 
thus  making  the  gear  noisy  and  encUng  its  usefulness. 

LJmU  of  Wear.  In  general  it  is  considered  good  practice  to  wear 
pinion  teeth  until  they  measure  He  in.  flat  at  the  tips.  It  would 
probably  be  better  to  consider  the  amount  of  wear  at  the  pitch  line 
rather  than  at  the  extreme  tip  of  the  tooth,  and  it  is  probable  that 
with  the  standard  pitch  of  gears  now  used  %2  in.  on  either  side  of 
the  tooth  is  about  the  limit.  With  material  sufficiently  hard  to  pre^ 
vent  grooving  in  the  service  in  which  it  is  used,  the  teeth  ^ould 
remain  very  dose  to  the  true  involute  during  their  life,  so  that  with 
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the  exception  of  the  increased  back-lash,  they  should  run  and  wear 
well  until  the  above  limit  is  reached.  If  the  axle  bearings  are 
allowed  to  become  worn,  so  as  to  have  more  than  yit  in.  play,  the 
pitch  line  separates  so  as  to  wear  the  tip  of  the  tooth  more  than  the 
root,  with  the  result  of  having  bad  wear  on  the  new  pinions  assembled 
with  the  old  gears,  especially  when,  as  is  usually  the  case,  new  bear- 
ings are  installed  at  the  same  time  as  the  new  pinion.  I  thinlr  that 
it  is  impossible  to  place  too  great  emphasis  on  the  advisability  of 
keeping  down  the  play  in  the  axle  bearings,  especially  on  heavy, 
high-speed  .equipnient.  Carefid  attention  to  the  lubrication  of 
gears  and  to  keeping  up  the  axle  bearings  will  far  more  than  repay 
the  operators  in  the  increased  life  and  cost  of  maintenance  of  gears 
and  pinions  and  freedom  from  noise  and  consequent  loosening  of  the 
entire  truck." 

Measurement  of  Gear  Tooth  Wear.    The  following  method  of 
measuring  gear  and  pinion  tooth  wear  on  the  Brooklyn  Rapid 

Transit  System  was  de- 
vised by  Mr.  W.  E.  John- 
son: An  ordinary  sliding 
caliper  (Fig.  8i)  which  is 
provided  with  a  stop  plate 
to  give  the  required  dis- 
tance from  the  top  of  the 
tooth  to  the  pitch  circle, 
is  used  to  obtain  the  thick- 
ness of  the  tooth.  The 
wear  is  then  obtained 
directly    by   inserting    a 
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Fig.  8i. — Gear  tooth  caliper. 


tapered  gage  (Fig.  82)  between  the  jaws  of  the  caliper.  This 
gage  is  based  on  the  same  principle  as  a  tapered  screw  or  wire 
gage.  The  zero  point  represents  the  theoretical  thickness  of  the 
new  tooth,  and  Uie  gage  is  tapered  0.04  in.  per  inch  of  length. 
FuU  H  in.  graduations,  with  intermediate  partial  graduations, 
are  provided  on  one  face  of  the  gage,  and  as  each  full  gradua- 
tion represents  a  difference  in  thickness  of  o.oi  in.,  readings  to 
0.00 1  in.  can  readily  be  obtained  with  this  gage..   The  height  of  the 
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Pig.  82. — Gear  tooth  wear  gage. 


jaws  on  the  calipers  will  vary  according  to  the  pitch  and  also  accord- 
ing to  the  number  of  teeth  in  gear  and  pinion  of  the  same  pitch. 
Where  a  comparison  in  wear  between  pinions  of  the  same  pitch  but 
with  different  numbers  of  teeth  is  required,  it  may  be  desirable  to 
have  a  set  of  calipers  for  each  type  of  pinion.    As  the  difference  in 
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reading  in  such  cases  would  be  very  slight,  however,  and  as  they 
would  at  any  rate  be  comparative,  one  caliper  usually  is  satisfactory 
for  each  pitch  used.  Gear  tooth  calipers  which  measure  the  thick- 
ness of  tooth  directly  are  manufactured. 

Treatment  of  Gear  and  Ptoion  SteeL  .  Oil  quenching  and  case 
hardening.  The  data  used  in  the  following  are  from  a  paper  by  Mr. 
T.  W.  WiUiahis  before  the  Central  Electric  Railway  ^Association, 
1910. 


Material 

Tensile 

strength, 

lb.  per 

sq.  m. 

Elastic 
limit,  lb. 
per  sq.  in. 

Reduction 

in  area, 

per  cent. 

Elonga- 
tion, per 
cent. 

Hardness 

Steel    con  t  a  i  n  i  n  g 
about  0.7  per  cent. 
carbon,  before  treat- 
ment. 

Same,     after    oi> 
quenching. 

After  case  hardening. 

85.000 

120,000 
140,000 

40,000 

85,000 
I3S.OOO 

40 

30 
3  or  3 

z8 

IS 
2  or  3 

120 

300 
625 

Note  :    The  values  given  for  case-hardened  material  are  but  approximate. 

From  these  tests  it  is  seen  that  the  oil  treatment  practically 
doubles  the  strength  and  more  than  doubles  the  degree  of  hardness. 
Case  hardening  brings  about  a  greater  increase  of  strength  and 
hardness. 

Material  of  Meshing  Gear  and  Pinion  Should  be  the  Same.  In 
the  paper  referred  to  above,  Mr.  WiUiams  also  states  that  if  soft 
steel  gears  be  run  against  hard  steel  pinions,  or  vice  versa,  the  softer 
siuiace  becomes  charged  with 
the  gritty  material  which  finds 
its  way  into  the  gear  case,  and 
*  when  so  charged  this  surface 
grinds  away  the  harder  surface, 
but  when  hardened  gears  and 
pinions  are  run  together  this 
trouble  does  not  seem  to  be  so 
great. 

Gears  Having  Teeth  of  Special 
Design  ("Stub-tooth"  Gears). 
Where  gears  are  constantly  sub- 
jected to  extraordinarily  great 
strains  it  may  be  necessary  to 
use  gears  having  teeth  of  special 
design.  Such  a  design  is  snown 
in  Fig.  83  from  the  practice  of 
the  Aurora,  Elgin  and  Chicago 
Railroad  Co.  In  the  develop- 
ment of  these  gears  the  old  ratio  of  1.6  was  not  changed.  The  first 
gears  used  were  three-pitch,  having-  fifty-eight  teeth  in  the  gear, 
thirty-six  teeth  in  the  pinion  and  a  5-i&.  face.  As  traffic  developed 
and  the  service  requirements  became  more  severe,  breakage  of  teeth 
in  these  original  gears  called  for  a  design  with  a  stronger  tooth,  and 
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Fig.  83. — Stub-tooth  gears. 
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accordingly  the  pitch  was  changed  to  2.489.  This  gave  forty-eight 
teeth  on  the  gear  and  thirty  teeth  on  the  pinion.  Although  this 
latter  type  gave  a  larger  tooth  section,  trouble  from  breakage  was 
still  experienced.  The  latest  type  of  tooth  has  been  in  service  on 
a  number  of  cars  for  a  period  of  9  months  (1914),  and  no  breakage 
has  occurred.  This  gearing^  has  a  diametrical  pitch  of  1.6598  and 
has  an  excejStionally  big  blunt  tooth  which  is  very  ru^ed. 

Double -pinion  Drive  for  City  Cars.    In  the  double-pinion  drive  a 
pinion  pressed  onto  each  of  the  extended  ends  of  the  armature  shaft 
meshes  with  a  gear  mounted  on  the  axle  just  inside  of  the  car  wheel. 
This  arrangement  reduces  distortion  and  thus  reduces  bearing  and 
wheel  flange  wear.    Mr.  A.  A.  Blackburn,  Chief  Engineer,  Belfast 
(Ireland)  City  Tramways,  Electric  Railway  Journal,  19 14,  gives  the 
following  points  relative  to  the  use  of  double-pinion  drive  based  on 
4  years  of  experience  with  it.    Cars  have  been  sent  in  to  the 
shop,  on    an  average,  about    every  9  months    for  wheel   flange 
wear,  but  the  cars  fitted  with  the  double  gears  stay  in  service  for  an 
average  period  of    11  months  before  being  sent   into  the  shop. 
This  is  attributed  to  the  fact  that  the  four  gears  drive  the  truck 
parallel  on  the  track.    These  cars  also  climb  hills  better,  as  the 
wheels  have  not  the  same  tendency  to  slip.    The  trucks  do  not  have 
the  same  comer-thrust  action,  consequently  they  keep  more  square 
and  the  wheels  wear  more  evenly.    Motormen  report  that  the 
double-geared  cars  run  miich  steadier  and  start  easier.    In  starting 
the  car  there  is  not  the  same  jerk  as  with  single-geared  trucks, 
therefore  there  is  not  the  same  wear  on  gears  and  pinions.     These 
cars  have  run  on  every  service  and  over  every  route  on  the  system, 
and  careful  meter  tests  show  that  the  energy  consimiption  per 
car  mile  is  slightly  less.    Armatures  and  motor-suspension  bearings 
wear  more  evenly  and  last  longer.    Commutators  do  not  flash  across 
and  they  wear  better.    In  fitting  the  double  gear  wheels  to  an  axle, 
a  certain  amount  of  care  is  necessary  to  see  that  the  gear-wheel  teeth 
are  parallel  and  are  perfectly  in  line  one  with  the  other.    To  obtain 
these  results  everything  depends  upon  the  accuracy  wijth  which  the 
gear-wheel  key  seats  are  cut,  as  the  least  alteration  in  the  keyseat  or 
key  throws  the  gears  out  of  mesh.    The  armature  shaft  is  lengthened 
out  at  the  commutator  end  to  suit  the  extra  pinion,  and  the  same  care 
must  be  observed  here  as  with  the  gears,  that  is  to  say,  the  keyways 
in  the  pinions  must  be  cut  exactly  parallel  one  with  the  other. 
Gears  and  pinions  are  supplied  with  keyseats  accurately  machined 
out  for  this  purx>ose,  but  slight  errors  will  sometimes  arise.    There- 
fore all  gear  wheels  are  tested  before  fitting,  by  placing  two  gear 
wheels  together  on  an  axle  fitted  with  a  long  key.    By  this  means 
it  is  possible  to  see  if  the  gear-wheel  teeth  and  keyseats  correspond. 
Pinions  are  tested  by  a  similar  means.    A  short  piece  of  axle  is 
turned  with  a  taper  at  each  end,  and  fitted  with  two  keys.    Two 
pinions  are  then  pushed  together  until  they  meet.    It.  is  then  pos- 
sible to  see  at  a  glance  whether  the  teeth  are  in  line.    Occasionally 
a  gear  key  will  have  to  be  side-stepped  to  permit  moving  the  gear 
wheel  around  until  the  gear  teeth  are  in  line,  and  when  this  has  to  be 
done  the  procedure  is  as  follows :    First  of  all,  one  gear  is  fitted  firmly 
into  position,  then  the  second  gear  is  placed  over  its  keyseat,  from 
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which  the  key  has  been  removed,  and  then  the  gear  is  carefully 
adjusted  by  means  of  a  steel  T-square,  into  the  blades  of  which 
are  cut  slots  which  fit  over  one  tooth  in  each  of  the  two  gears.  The 
amount  of  side-step  or  offset  required  by  the  key  can  be  seen 
at  once  from  the  relative  position  of  the  keyways  in  the  shaft  and 
in  the  gear. 

Bearings 

Liners  in  Old  Motor  Armature  Bearings.  (A.E.R.E.  A.  Proposed 
Practice. )  Regarding  the  possible  advantage  of  substituting  bronze 
armature  liners  for  cast  iron,  babbitt  lined,  on  the  oldest  types  of 
motor,  general  opinion  indicates  that  the  advantages  obtained 
would  not  ordinarily  warrant  the  expense  of  changing.  General 
experience  shows  that  in  city  service  cast  or  malleable  iron  armature 
liners,  with  a  lining  of  high-class  tin  base  babbitt,  give  satisfactory 
results. 

Armature  Dropping  on  Pole  Pieces.  (A.E.R.E.A.  Proposed 
Practice.)  Where  older  types  of  motor  are  used  in  high-speed 
interurban  service,  and  give  trouble  from  armature  dropping  on 
the  pole  pieces,  it  is  recommended  that  special  attention  be  given 
to  improving  lubrication,  and  that  a  trial  be  given  of  displacing 
the  iron  Hner  having  a  thick  babbitt  lining,  with  a  bronze  liner  hav- 
ing a  Uning  not  over  He  in*  thick  of  high-class  tin  babbitt.  It  h 
the  general  opinion  that  it  is  imperative  for  high-speed  interurban 
service  that  a  hard,  high-class  tin  babbitt  be  used. 

Axle  Liner.  (A.E.R.E.A.  Miscellaneous  Methods  and  Practices.) 
It  is  recommended  that  where  total  thickness  of  axle  liners  is  H  in. 
and  over,  a  malleable  iron  shell  be  used,  with  not  less  than  Me  in. 
babbitt  lining  securely  anchored  both  on  flanges  and  bearing  surface. 
That  where  total  thickness  of  axle  liner  is  H  in.  or  less,  a  high-dass 
bronze  or  bell  metal  be  used.  That  for  liner  of  thickness  between 
94  in.  and  H  in.  a  somewhat  cheaper  bearing  metal  of  hard  brass 
may  be  used  with  economy.  All  brass  or  bronze  axle  liners  should 
be  lined  with  a  genuine  babbitt  or  tin  lining  He  in.  thick,  securely 
soldered. 

Bronze  and  Brass.  (A.E.R.E.A.  Miscellaneous  Methods  and 
Practices.)  The  following  formulas  were  submitted  by  the  1908 
committee  on  Maintenance  and  Inspection  of  Electrical  Equipment, 
A.E.R.E.A.  as  having  been  "highly  spoken  of  for  durability  and 
satisfactory  service:" 

Bronze:  Copper,  80  per  cent.;  tin,  ii  per  cent.;  lead,  8  per  cent.; 
phosphor-tin,  i  per  cent. 

Brass:  Copper,  77  per  cent.;  tin,  s  P^r  cent.;  lead,  6  per  cent.; 
zinc,  12  per  cent. 

Maintenance.  General  sizes  of  bearings  for  economical  main- 
tenance. The  following  is  from  a  reply  in  the  Electric  Journal, 
19 10:  The  practice  is  sometimes  followed  of  supplying  a  stock  of 
bearings  standardize^  tOf  say,  three  sizes  differing  slightly  in 
diameter.  The  larger  size  of  bearing  is  used  for  new  equipment, 
the  second  size  for  .equipments  in  which  the  journals  have  worn 
sufficiently  to  require  repair,  whereupon  the  latter  are  turned  down 
to  a  size  corresponding  with  the  second  standard  size  of  bearing; 
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the  next  smaller  size  of  bearing  is  used  in  a  similar  way  for  equip- 
ments requiring  a  third  renewal,  etc.  The  economy  of  a  given 
method  of  maintenance  depends  upon  the  number  of  equipments 
of  a  given  type  that  are  involved  and  also  upon  the  total  number 
of  equipments  in  operation. 

Babbitting.  Method  of  setting  up  for  babbitting  and  allow- 
ances to  be  made  for  oil  space  and  irregularities.  (From  the  same 
source) :  A  set  of  bearings  should  be  clamped  in  a  carefully  made  jig 
chuck  after  casting,  and  bored  to  the  following  allowances:  Solid 
bearings,  0.002  in.  per  inch  diameter  of  bearing;  split  bearings, 
0.003  ^^'  per  ii^ch  diameter  of  bearing.  It  should  not  be  necessary 
to  test  for  alinement  in  the  motor  frame  if  the  proper  tools  are 
used. 

Babbitt.  (A.E.R.E.A.  Proposed  Practice.)  It  is  desirable  that 
a  road  avoid  if  possible  using  a  large  variety  of  babbitts,  and  that 
the  number  of  grades  used  be  as  few  as  possible.  Where  more 
than  one  grade  of  babbitt  is  used,  it  is  of  utmost  importance  that 
they  be  kept  separate. 

Advantage  of  Tin  Babbitt,  (A.E.R.E.A.  Proposed  Practice.) 
A  pronounced  advantage  in  using  genuine  tin  babbitt  is  found  in 
that  the  metal  may  be  remelted  rep>eatedly  without  deterioration. 
In  remelting  genuine  tin  babbitt,  it  has  been  found  desirable  to 
introduce  a  raw  potato  into  the  melting  pot,  to  stir  up  the  molten 
babbitt  and  assist  in  oxidizing  out  lead  or  other  impurities. 

Babbitt  Used  in  Practice.  (A.E.R.E.A.  Proposed  Practice.) 
The  following  formula  (a)  is  principally  used,  and  formulas  approxi- 
mating  (b)  are  frequently  used  by  operating  roads: 

Tin  Antimony  Copper 

(a)  83  H  per  cent.  8J-^  per  cent.  8H  per  cent. 

(b)  88 . 9  per  cent.  7  •  4  per  cent.  3 . 7  per  cent. 

Rules  for  Rebabbitting  Bearings.  The  following  detailed  instruc- 
tions are  from  the  practice  of  the  Cleveland,  Painesville  &  Eastern 
Railroad  Co.: 

Prepare  the  shell  by  melting  out  all  the  old  babbitt  and  chip  and 
file  the  edges  of  the  lubrication  holes  and  oil  groove  recesses,  leaving 
them  clean  and  smooth;  then  heat  the  shell  sufficiently  to  drive  off 
any  moisture.  Rub  \he  suriace  to  be  tinned  with  a  cloth  saturated 
^th  a  zinc  chloride  soldering  solution.  Coat  any  machine  part  of 
the  shell  not  to  be  tinned  with  a  thin  mixture  of  graphite  and  water. 
Dip  the  shell  thus  prepared  in  a  pot  of  half-and-half  solder  which 
should  be  kept  at  a  temperature  between  315  and  370  deg  C. 
Leave  the  shell  in  the  solder  until  it  is  just  hot  enough  for  the 
solder  to  run  off,  leaving  a  thin  coating.  Reriiove  the  shell  from  the 
pot  and  thoroughly  rub  the  surface  to  be  coated  with  a  swab 
saturated  with  the  zinc  chloride  soldering  fluid,  making  sure  that  all 
parts  have  an  even  coating.  Rub  the  tinned  suriace  with  clean 
waste  to  remove  any  oxide  or  other  foreign  matter  and  brush  the 
graphite  from  the  untinned  parts.  The  mandrel  should  be  large 
enough  to  leave  after  babbitting  at  least  0.020  in.  for  finishing. 
Close  the  lubrication  holes  with  a  cylindrical  piece  of  sheet  iron, 


MOTOR  BEARINGS  819 

pouring  them  solid  with  the  lining,  and  then  dean  them  out  after- 
ward with  a  hot  iron.  The  temperature  of  the  blocks  at  the  pouring 
should  be  the  same  as  that  oi  the  shell.  The  babbitt  -should  be 
kept  at  a  temperature  between  350  and  475  deg.  C.  Dip  the 
metal  from  the  bottom  of  the  pot  to  insure  thorough  stirring.  To 
avoid  pocketing  air  pour  in  a  steady  stream,  about  Ht  in.  in  diame- 
ter, directly  down  around  the  mandrel.  Perform  all  operations 
from  tinning  to  pouring,  inclusive,  as  rapidly  as  possible,  not  allowing 
the  bearing  to  cool.  Blow  holes  should  be  sealed  with  a  hot  solder- 
ing iron,  using  the  same  babbitt.  Remove  the  babbitt  from  the 
lubrication  holes  with  the  hot  iron,  file  the  edges  smooth  and  clean 
out  the  oil  grooves.    Finish  bearing  in  accordance  with  design. 

Oil  Labncation  and  Life  of  Armature  Bearings.  An  article  in 
the  Electric  Railway  Journal,  1913,  by  Mr.  N.  W.  Storer  states: 
''With  old  grease  lubrication  it  was  no  uncommon  thing  for  arma- 
ture bearing  shells  to  be  replaced  after  3000  miles  of  service.  The 
life  of  the  bearing  on  the  No.  101-^-2  motor  may  be  anything  up 
to  300,000  to  4ooiOOo  miles.  This  extraordinary  result  is  due  to 
the  excellent  design  of  the  bearing,  which  has  the  waste  packed 
against  the  shaft  on  the  low  pressure  side,  with  pressure  of  a  column 
of  waste  over  it,  and  the  oil  fed  from  below,  coming  from  the  well, 
which  may  be  gaged  at  any  time  to  see  that  the  oil  is  kq>t  at  the 
economical  level.  This  type  of  bearing  is  now  universally  adopted. 
It  is  scarcely  necessary  to  add  oil  to  the  bearings  more  than  once  a 
month,  so  that  not  only  is  the  cost  of  lubrication  reduced  to  a 
negligible  quantity,  but  the  cost  of  maintaining  the  bearings  and 
the  loss  due  to  the  armature  getting  down  on  the  pole  pieces,  which 
was  a  fruitful  source  of  expense  with  the  old  bearings,  have  been 
practically  eliminated." 

Features  of  Efficient  Railway  Motor  Lubrication.  The  follow- 
ing three  lubrication  features  are  found  in  modem  railway  motors: 
(i;  Bearings  well  lubricated  by  the  use  of  oil-soaked  waste.  (2) 
Separate  oil  well  for  gaging>depth  of  oil  and  for  receiving  fresh 
oil.  (3)  Efficient  oil  throwers  as  a  protection  against  the  oil  reaching 
the  interior  of  the  motor. 

Rule  for  Packing  Journal  Boxes,  Motor  Axle  and  Armature 
Bearings  with  Oil  and  Waste.  (A.E.R.E.A.  Proposed  Practice.) 
(For  preparation  of  oil  and  waste  see  page  323.)  Inspect  the  boxes 
and  bearings  and  see  that  dust  collar  and  guard  and  box  cover  are 
in  good  condition  and  as  nearly  dust  proof  as  possible.  See  that 
journal  bearings  are  not  so  badly  worn  that  the  two  outer  edges 
touch  the  journal,  as  a  bearing  in  this  condition  will  act  as  a  scraper 
and  a  hot-box  will  result.  Also  see  that  there  are  no  threads  or 
waste  between  the  bearing  and  journal.  Place  the  packing  bucket 
close  to  the  journal  box  that  is  to  be  packed  so  that  no  surplus  oil 
will  fall  to  the  ground.  The  first  waste  applied  should  be  in  the 
form  of  a  roll  and  packed  tightly  in  to  the  rear  end  of  the  box  for 
the  purpose  of  retaining  the  oil  and  excluding  the  dust  and  dirt 
from  the  back  of  the  box.  The  waste  should  then  be  placed 
between  the  bottom  of  the  journal  and  the  bottom  of  the  box  and 
packed  firmly  enough  to  form  a  good  wiping  contact  with  the 
journal,  but  not  so  tight  as  to  roll  or  wedge.    The  waste  placed 
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at  the  sides  of  the  journal  should  never  be  placed  above  its  center, 
and  should  lie  rather  loose.  Wipe  all  surplus  oil  and  waste  threads 
from  the  mouth  and  edges  of  the  box  and  close  the  lid  tightly. 
The  above  rules  apply  to  motor  axle  and  armature  bearings,  with 
motors  designed  for  this  type  of  lubrication.  Boxes  should  be 
packed  within  about  H  in-  of  the  top  and  all  springs,  bolts  and 
covers  should  be  examined  to  see  that  they  are  dosed  tightly  and 
that  they  are  as  nearly  dust  proof  as  possible. 

Grease  Lubrication  of  Motor  ^e  Bearings.  (A.E.R.E.A. 
Proposed  Practice.)  In  city  service  it  is  recommended  that  motor- 
axle  bearings,  where  grease  is  used  in  the  older  types  of  motofs, 
shall  be  lubricated  every  2  days,  or  about  every  300  miles.  In 
high-speed  service  where  grease  is  used  to  lubricate  the  motor-axle 
bearings,  they  should  be  lubricated  daily.  See  that  grease  is  pressed 
down  so  as  to  form  a  firm  contact  with  the  axle  and  take  sufficient 
amount  to  fiU  the  cup  within  H  in.  of  the  top.  See  that  grease- 
cup  cover  is  tightly  closed.  See  that  hinge  bolt  and  springs  are  in 
such  condition  as  to  keep  cup  cover  firmly  closed. 

Oil  Lubrication  of  Motor-axle  Bearings.  (A.E.R.E.A.  Proposed 
Practice.)  Motor-axle  bearings  in  city  service  where  the  newer 
types  of  motors  are  used,  that  are  designed  for  oil  and  waste  lubri- 
cation, should  be  lubricated  weekly,  or  about  every  1000  miles. 
Motor-axle  bearings  in  high-speed  service  with  the  later  type  of 
motors,  designed  for  oil  and  waste  lubrication,  should  be  lubricated 
every  3  days,  or  about  every  1000  miles. 

Frequency  of  Lubrication  of  Armature  Bearings.  (A.E.R.E.A. 
Proposed  Practice.)  The  following  rule  is  recommended  for  the 
lubrication  of  armature  bearings:  Where  grease  is  used  in  the 
older  type  of  motor  in  city  service,  the  armature  bearings  shall  be 
lubricated  every  other  day,  or  if  on  a  mileage  basis,  every  300  miles. 
Where  oil  cups  are  in  use  on  the  older  types  of  motors,  the  commit- 
tee believes  the  lubrication  should  be  left  to  the  judgment  of  the 
operator.  In  high-speed  service  where  grease  is  used  as  a  lubri- 
cant in  armature  bearings  on  the  older  types  of  motors,  the  arma- 
ture bearings  should  be  lubricated  daily,  or  if  on  a  mileage  basis, 
every  300  miles.  In  high-speed  service  where  oil  and  waste  are 
used  as  lubricants  in  the  newer  types  of  motors,  armature  bearings 
shall  be  lubricated  every  3  days,  or  about  every  1000  miles. 

Gaging  Amount  of  Lubricant  in  Motor  Bearings.  (A.E.R.E.A. 
Proposed  Practice.)  It  is  recommended  that  where  motor  is  de- 
signed so  that  height  of  oil  in  reservoirs  can  be  gaged,  that  gaging 
be  invariably  done  as  a  part  of  the  oiler's  inspection;  that  oil  levels 
be  maintained  at  a  height  that  experience  shows  is  most  economical 
and  that  where  no  provision  is  made  in  the  design  of  motor  for 
gaging  oil,  wherever  possible,  a  home-made  tube  or  other  device 
be  installed  for  such  purpose. 

Quantity  of  Car  Oil  Used  in  Practice.  The  following  table 
showing  amounts  of  oil  required  for  the  lubrication  of  armature 
bearings,  axle  bearings  and  journal  bearings  is  from  a  statement 
in  Aera,  191 2,  of  lubricating  material  used  in  siurface  car  shops  dur- 
ing October  and  November,  zgii,  Brooklyn  Rapid  Transit  Co.: 
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Shops 

Months 

Number 
of  cars 

Number 
of  motors 

Total 
mileage 

Average 

miles 

per  car 

per  day 

Number 

of 

armature 

bearing 

oilings 

Ridgewood 

East  N.  Y 

Maspeth 

Oct. 
Nov. 

Oct. 
Nov. 

Oct. 
Nov. 

Oct. 
Nov. 

Oct. 
Nov. 

Oct. 

Nov. 

346 
346 

355 
355 

240 
240 

216 
216 

394 
394 

160 
160 

860 
860 

1,016 
1,016 

608 
608 

490 
490 

982 
982 

420 
420 

784,149 
774.826 

907.573 
885.975 

547.4IS 
528,277 

528,380 
S09.361 

826,288 
797.204 

427.662 
421,61s 

73-2 
72.3 

82.7 
80.6 

740 
71.0 

79.2 
76.2 

67.8 
65.3 

86.4 
85.1 

IX. 404 
11.440 

12,988 
13,002 

7.032 

58th  Street 

Ninth  Ave 

Flatbush. 

6.982 
8.752 

8,74« 

14,802 
14,940 

6,288 
6,274 

Shops 

Number 
of  axle 
bearing 
oilings 

Number 

of 
journal 
oilings 

Armature 
bearings  + 

axle  bear- 
ings 4- 
journal 

bearings 
oilings 

Total 
galldns 
car  oil 

Car  oil- 
gills  per 

bearing 
oiling 

Car  oil- 
gills  per 
1000 
motor 
miles 

Ridgewood  . . . 

11,184 
11.344 

666 

748 

22,254 
23.532 

635 

0.653 
0.864 

7.57 
9.97 

EastN.Y.... 

• 

12,860 
12,784 

958 
828 

26.806 
26,6x4 

601 
546 

0.7x7 
0.656 

7.03 
6.48 

Maspeth 

6,972 
6,936 

474 
404 

14.478 
14.322 

290 
319 

0.641 
0.712 

6.17 
7.13 

58th  Street  . . . 

8,696 
8,616 

362 
372 

18,010 
17.936 

403 
361 

0.717 
0.665 

10.55 
9.77 

Ninth  Ave  . . . 

14.754 
14.674 

1.092 
916 

30.648 
30,530 

590 
590 

0.617 
0.6x9 

9.44 
9.63 

Platbosh.  .... 

6.188 
6,180 

488 
498 

12,964 

X2,952 

370 
355 

0.914 
0.877 

X0.03 
9.82 

Adaptation  of  Oil  Lubrication  to  tiie  Older  I^pes  of  Railway 
Motors  Originally  Designed  for  the  Use  of  Solid  Lubricants. 

The  1908  Committee  on  Maintenante  and  Inspection,  Am.  El. 
Ry.  £ng.  Assn.,  recommended  that  oil  be  used  to  lubricate  arma- 
ture and  motor  axle  bearings  wherever  it  is  possible  to  do  so  by 
the  use  of  oil  cups.  It  also  stated  that  users  of  oil  in  the  older 
types  of  motors  are  obliged  to  inspect  and  lubricate  their  arma- 
ture and  axle  bearings  daily.  Relative  to  the  mileage  between 
lubrications  of  the  older  types  of  motors  adapted  to  the  use  of 
oil,  the  statement  of  that  committee  is:    "  Where  oil  cups  are 

21 
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used  (or  the  lubrication  of  motor-aile  bearings  on  the  older  type 
of  motora,  your  committee  has   decided   tliat  owing  to   the   dif- 
ferent and  numerous  tyjies  and  conditions  under  which  they  are 
used,  the  operators  would  be  the  better  judges  in  this  respect." 
A.E.R.E.A.        Proposed 
Practice.    The  first  step 
in   the  line   of  reformed 
lubrication  was  to  intro- 
duce   an    oil    cup    that 
would    slip    in^de    the 
grease  cup.    The  devices 
for  feeding  the  oil  have 
been  many  and  various; 
some  with  constant  feed 
j.  depending  upon  the  capil- 
^  lary  attraction  of  wiclcs 
^  or  yam   strands;    others 
J  with  more  or  less  auto- 
matic features.     Doubt- 
less some  of  these  tjT>es 
of  oil  feed  are  satisfac- 
tory, but  judging    from 
the  growing  tendency  to 
adopt   a    more    positive 
form   of  lubrication  for 
motors,  it  would    seem 
that  the   early  forms  of 
oil  cup  are  not  ideal  for 
reliabijity  and   good   re- 
sults.   The  tendency  is  not  to  depend  upon  the  capillarity  of  a 
single  thread  or  a  small  wick  to  oil  a  motor  bearing,  but  to  have  some 
medium,  such  as  oil-soaked  felt  or  waste  put  into  actual  physical 
contact  with  the  journal.     In  Aera,  igii,  Mr.  I.  F.  Uffert,  Master 
Mechanic,  United  Trac- 
tion Co.,  Albany,  N.  Y,. 
"From  my   < 


angedfor 


....    -  .  ,  £ 

pertence  with  the  older      j\  imwim 

types  of  motors  such  as     ( [._. 

GE-S7,  looo,  800, 67,  S2     'f-  —0-*, 

and   54,  also  West.    3,  ^J»™ 

12-A,  3S-B,  49, 56,  which        f 

were  designed  for  grease,         1  .'*'' 

I  find  the  best  way   of  towOrt—i 

lubricating  these  motors  »•■■■ 

with  oil  is  to  put  a  piece 

of  felt  into  the  slot  of    ^    ■        ^  j,       .,     ^.. 

the  bearing,  then  lay  Fie- 8s-G««s«  «"^|™;|^  (« oa-Ch,c«o 
another  piece  of  felt  over 

same,  but  covering  entire  bottom  of  grease  cup,  then  fill  remainder 
of  cup  with  wool  waste  packed  in  quite  tight  on  top  of  felL  Felt 
next  to  shafts  should  be  removed  at  least  once  a  mcnth,  as  it  be- 
comes gummed  up  and  oil  will  not  feed  through.    I  have  found 
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this  far  superior  to  ml  cups  and  the  use  of  all  wool  naste  as  the 
Felt  will  not  allow  the  oil  to  feed  through  too  fast."  For  details 
of  oil  cups,  felt  and  waste  fillers  ior  the  adaptation  of  oil  lubri- 
cation to  motors  originally  designed  for  grease,  see  Figs.  84,  85 
and  86. 
Preparing  Oil  and  Waste  for  Lubrication.    (A.E.R.E.A.  Pro- 

Esed  Practice.)  A  good  grade  of  wool  waste  should  be  used,  that 
s  a  sufficient  elasticity  to  act  in  a  spongy  condition  after  it  has 
been  saturated  and  drained,  and  also  of  a  sufficient  carrying  capacity 
to  act  as  a  wick  or  feeder  from  the  bottom  of  the  box  to  the  jourital 
which  is  to  be  lubricated.  The  oil  should  also  be  of  a  good  grade 
and   suitable  for 

the    purpose.  °° 

The  waste  should  F*lt 

be   picked  apart  j^  » 

and  saturated  in  h  [i/ 

oil,  not  less  than  ihu 

48   bours   before  W>r    - 

uang,  allowing 
5  pt.  of  oil  to  1  Ih. " 
ofwaste,  and  the 
oil  should  be  of  . 
such  a  tempera-  J 
ture  as  to  flow 
freely.         Waste 

should     then    be     Fig.  BS.— Grease  cup  arranged  for  oil— South  Bend. 
drained  or  wrmig 

out,  remembering  that  it  is  to  be  used  to  act  as  a  sponge  or  wick 
rather  than  a  hard  solid  mass  with  oil  covering  it.  The  waste 
should  be  in  such  condition  that  when  pressed  in  the  boxes  the 
oil  will  not  overflow  and  run  out  over  the  dust  guards  or  opening 
in  the  front  of  the  box. 

bspection  and  LubricaUon  of  Gears  and  Pinions.  (A.E.K. 
E,A.,  Miscellaneous  Methods  and  Practice.)  It  is  recommended 
that  tbere  be  an  inspection  of  gears  and  pinions  each  1000  miles, 
supplying  lubricant  if  needed,  believing  that  a  small  quantity  of 
gear  grease  applied  frequently  will  insure  a  better  economy  of 
lubricant  than  heavy  doses  administered  at  long  intervals.  At- 
tention is  also  called  to  the  higher  duty  required  of  pinion  mate- 
rial on  tJie  larger  sizes  of  motors,  as,  for  instance,  a  4o-h,p. 
motor  pinion  has  a  5-in.  face  while  a  loo-h.p.  motor  has  but 
5,25-in.  face.  It  is  therefore  of  vital  importance  that  considera- 
tion be  given  to  pinion  material  being  of  quality  suitable  for  the 
higher  duty. 

Gear  luoricant  comes  under  the  following  heads:  A — Heavy 
Oil  or  Fatty  Grease,  containing  no  graphite;  B — Adhe- 
sive Gear  Compound  (non-Iatty);  C — Graphite  Grease.  Practice 
would  indicate  that  an  adhesive  gear  compound  (non-fatty)  is  in 
favor  with  nearly  all  the  larger  city  lines  and  nearly  aU  the  inter- 
urban  lines,  while  the  smaller  city  lines  usirw  small  motors  are  in 
favor  of  a  heavy  or  fatty  grease  or  a  grapnite  grease.    This 


undoubtedly  due  to  conditions.    The  congealing  of  an  adhesive  gear 


graphite 
■eaUngol 


Hi 
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compound  during  low  temperature  would,  no  doubt,  be  very  notice- 
able, especially  with  small  equipments,  where  car  houses  are  not 
heated.  This  would  also  have  a  tendency  to  show  up  in 
power  consumption  under  the  conditions  above  mentioned.  Under 
the  above  conditions,' both  "A"  and  "C"  have  the  advantage  in 
low  temperature,  but  during  the  warmer  months  there  is  little  or  no 
difference.  The  use  of  adhesive  gear  compound  containing  wood 
pulp,  cork  chips  or  similar  substances,  tends  to  overcome  noise  to 
a  great  extent,  and  it  is  therefore  recommended  where  conditions 
are  favorable. 

^n  city  service,  with  motors  of  50  h.p.  or  under,  where  the  "A"  or 

C  "  lubricant  is  used,  2  lb.  should  be  applied  to  each  gear  case  every 
30  days.  Under  similar  conditions  where  "  B  "  is  used,  i  pt.  should 
be  added  to  each  gear  case  every  15  days.  In  high-speed  service, 
with  motors  of  50  h.p.  or  more,  using  "A"  or  "C"  compound,  3  lb. 
should  be  applied  to  each  gear  case  every  30  days.  Under  similar 
conditions  where  the  "B"  compound  is  used,  iH  pt.  is  specified  to 
each  gear  case  every  30  days,  but  if,  on  inspection,  gear  and  pinion 
'  have  sufficient  lubrication,  none  need  be  applied.  The  function  of  a 
gear  lubricant  is  to  provide  a  thin  film  of  lubricant  on  the  pitch  line 
of  the  teeth,  so  that  the  metals  do  not  at  any  time  come  in  direct 
contact.  Since  a  satisfactory  gear  lubricant  reduces  friction,  its 
use  results  in  a  reduced  energy  consumption  and  a  reduced  main- 
tenance cost.  It  is  also  conducive  to  the  quiet  operation  desirable 
for  satisfactory  city  service.  The  proper  lubricant  should  be  an 
intermediate  between  what  is  commonly  termed  a  "short-gear 
grease"  and  which  is  nothing  more  or  less  than  a  hard  oil,  and 
a  sticky,  gummy  substance  which  calls  for  increased  power. 

Attention  is  called  to  the  fact  that  a  good  many  of  the  troubles 
for  which  gear  grease' is  blamed  are  due  to  loose  axle  bearings  and 
axle-bearing  collars.  Loose  axle  bea  rings  permit  the  gear  toJfaU  away 
from  the  pinion,  producing  poor  meshing  of  the  teeth  and  climbing 
of  the  pinion  on  the  gear,  and  the  consequent  establishing  of  a  new 
pitch  line  at  a  point  not  arranged  for  it  m  the  design  of  die  pinion. 
Badly  adjusted  and  neglected  collars  cause  the  pinion  and  gear  to 
work  out  of  line.  This  causes  them  to  wear  unevenly,  strike  gear 
pans  on  straight  track,  and  on  curves  to  run  on  the  points  not  in 
regular  contact,  thereby  making  an  objectionable  grinding  noise. 
These  are  points  which  no  gear  grease  can  be  expected  to  take  care 
of.  Where  adhesive  gear  compound  is  used  it  is  recommended 
that  it  be  applied  more  often  and  in  smaller  amounts  during  the 
winter  monUis,  the  idea  being  to  let  the  gear  just  come  in  contact 
with  the  grease  in  the  bottom  of  the  case.  Where  the  adhesive  gear 
compound  is  used  it  should  be  specified  that  the  material  remain 
reasonably  flexible  at  all  temperatures,  that  the  compound  shall  not 
dry  out,  become  lumpy  or  deposit  on  the  gear  case  in  the  shape  of  a 
hard   crust. 

Period  between  Times  of  Gear  Lubrication  in  Practice.  The 
following  table  is  from  data  given  in  the  report  of  the  Committee  on 
Electrical  Equipment,  A.E.R.E.A.,  1907: 


GEAR  LUBRICANT.    TRANSMISSION 


325 


Period  between  lubrication  ' 

Inspect  week- 
ly, lubrica- 
tion when 
necessary 

I 
wk. 

lO 

dy. 

2 

wk. 

I 
mo. 

6 
wk. 

2 

mo. 

3 
mo. 

Number  of  roads. 

X 

6 

I 

4 

6 

2 

I 

2 

Amotint  of  Gear  Lubricant  Consumed  in  Practice.  The  following 
table  is  made  up  of  data  from  the  statement  of  lubricating  materisd 
used  on  surface  cars  of  the  Brooklyn  Rapid  Transit  Company 
during  October  aiyi  November,  191 1,  Aera,  191 2. 


Shops 


Month 


No. 
cars 


Total  sear 

or  motor 

mileage 


No.  of 

gears 

(total) 


Total 
pounds 

gear 
grease 


Gear 

grease, 
pounds 
per  case 


Gear 

grease, 

pounds 

per  xooo 

gear 

miles 


Ridgewood. 
East  N.  Y.. 
Maspetfa. . . 
58th  Street. 
Ninth  Ave.. 
Platbush 


Oct.. . 
Nov... 

Oct... 
Nov... 

Oct... 
Nov... 

Oct... 
Nov... 

Oct.. . 
Nov... 

Oct... 
Nov... 


346 
346 

355 
355 

240 
240 

216 
216 

394 
394 

160 
160 


2,013.956 
2.039.132 

860 
860 

280 
350 

0.326 
0.407 

2,732,248 
2,688,530 

1,016 
1.0x6 

1,030 
735 

1. 013 
0.723 

I.S04.998 

2,432,686 

608 
608 

Sio 
I9S 

0.838 
0.321 

1,220,714 
1. 1 83. 988 

490 
490 

833 

814 

1.703 
1.660 

2,001,918 
1,962,606 

982 
982 

7SO 
814 

0.764 
0.830 

1,179.278 
1,155.474 

420 
420 

1. 190 
800 

2.83s 
X.905 

0.139s 

0.X7IS 

0.3780 
0.2735 

0.340 
0.1365 

0.683 
0.690 

0.37S 
0.416 

1. 018 
0.696 


Suspension  of  Motor  and  Transmission.  (See  also  pp.  579  and 
580.)  The  following  classification  and  illustrations  of  some  of  the 
methods  of  suspending  motors  and  transmitting  the  tractive  effort, 
from  motor  to  driving  wheel  are  from  a  paper  "The  Design  of  the 
Electric  Locomotive"  by  Messrs.  N.  W.  Storer  and  G.  M.  Eaton, 
A.I.E.E.,  1910: 

a.  Gearless  motor  with  armature  pressed    onto  driving  axle. 
"New  York  Central."    Fig.  87. 


4— 

■ 

* 

^ — » 

Pig.  87. — New  York  Central  gearless  motor. 

6.  Gearless  motor  with  armature  carried  on  a  quill  surrounding 
axle,  and  driving  the  wheels  through  flexible  connections.  "New 
Haven  Passenger."    Fig.  88. 

c.  Geared  motor  with  bearings  directly  on  axle  and  with  nose 
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Fie.  88. — New  Haven  gearleM  motor. 


Fig.  89. — St.  Clair  tunnel  geated  motor,  nose  susponaioo. 


Fic.  90. — New  Haven  geared  motor. 


Fio.  9I.— New  Haven  top  gcaied  m 
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supported  on  sprmft-bome  parts  of  locomotive.    "St.  CldrTunnel." 
Fig.  89. 

d.  Geared  motor  with  bearings  cm,  a  quill  surrounding  ade,  and 
(i)  nose  supported  on  spring-borne  parts  of  machine  (New  Haven 
Car,  Fig.  90)  and  (2)  motor,  rigidly  bolted  to  spring-borne  parts  of 


FiO.  M. — Valtellina  geatl«a  ihoton  with  Scotch  yoke. 


ra  witb  Scotch  yoke. 
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machine,  the  quill  having  sufficient  clearance  for  axle  movements. 
"  Four-motor  New  Haven  Fr^ht."    Fig.  91. 

e.  Motor  mounted  rigidly  on  spring-borrie  parts,  armature  rotat- 
ing at  same  rate  as  drivers,  power  transmitted  to  drivers  through 
cranks,  connecting  rods  and  countershaft  on  level  with  driver  axles. 
"Pennsylvania."    Fig.  92. 


Fig.  97. — Nose  suspension  of  motor. 


/.  Motor  mounting  and  transmission  as  in  (e)  but  motor  fitted 
with  double  bearings  one  part  for  centering  motor  crank  axle  and 
the  other  for  centering  the  armature  quill  which  surrounds  and 
is  flexibly  connected  to  the  motor  crank  axle. .  "Two-motor  New 
Haven  Freight."    Fig.  93. 


SIDE  VIEW 


r' 

I 


Sk 


S 


3 
■J 

I 
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FRONT  VIEW  OF  CRADLE 
Fig.  98. — Cradle  suspension  of  motor. 

g.  Motors  mounted  on  spring-borne  parts,  armature  rotating 
at  same  rate  as  drivers,  power  transmitted  to  drivers  through 
offset  connecting  rods  and  side  rods.  Simplon  locomotives.'' 
Fig-  94. 
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k.  Motors  mounted  on  spring-borne  parts,  armature  rotating  at 
same  rate  as  drivers,  power  transmitted  to  drivers  through  Scotch 
yokes  and  side  rods.    "Valtellina  Locomotives."    Fig.  95. 

J.  Motors  mounted  rigidly  on  spring-borne  parts,  power  trans- 
mitted through  gears  to  counter  shafts,  thence  to  drivers  through 
Scotch  yokes  and  side  rods.    Fig.  96. 

Motor  Suspension  on  Cars.  Nose  suspension  (c.  above,  and 
Figs.  89  and  97)  is  the  most  common  method  of  motor  suspension 
on  motor  cars.  Springs  in  the  motor  nose  suspension  lessen  shocks 
diuing  starting  or  sudden  changes  of  torc^ue.  Approximately  60 
per  cent,  of  the  weight  of  the  motor  is  earned  directly  on  the  axles 
without  spring  support. 

Cradle  Suspension  (Fig.  p8).  The  total  weight  of  the  motor 
is  hung  by  lugs  on  either  side  from  a  longitudinal  horizontal  bar 
which  at  the  back  end  is  spring  supported  from  lugs  on  the  arm 
which  carries  the  axle  bearing  and  at  the  front  end  by  a  cross  beam 
and  the  truck  frame.  This  type  of  suspension  is  seldom  used  at 
present. 

Twin  Motors  (Fig.  99).    Two  motors  of   equal  capacity  are 
mounted  above  each  axle.    Each  motor  is  provided  with  a  pinion 
and  the  two  pinions  of  the  pair  of  motors 
mesh  with  a  single  gear  which  is  mounted 
on  a  quin  surrounding  the  driving  axle. 
By  this  arrangement,  two  small  motors, 
each  having  twice  the  rotative  speed  of  one 
large  motor,  may  be  used;  therefore,  the 
pair  of  small  motors  has  practically  the 
same  number  of  electrical  parts  as  one  large 
motor  of  equivalent  capadtv.    Since  each 
motor  of  the  pair  is  about  naif  the  diam- 
eter of  one  motor  of  capacity  equivalent 
to  that  of  the  pair,  the  pair  may  be  mounted  pj^.  99.~.Twin.motor 
on  a  hghter  frame  and  tfre  weight  of  the  suspension, 

end  housings  may  be  reduced.    The  width 
of  the  gear  required  on  each  axle  is  but  half  that  required  with 
one  large  motor  of  equivalent  capacity.    Thus  the  weight  of  the 
gear  is  reduced  and  a  longer,  more  economical  design  of  motor  is 
made  possible. 


SECTION  V 
CONTROLLING  APPARATUS 

Controllers  for  Series  Motors 

Rheostatic  ControL  Rheostatic  control  is  carried  out  entirely  by 
making  changes  in  the  resistance  of  the  motor  circuit  to  maintain 
the  desired  current  through  the  motor  during  acceleration.  In  this 
method  there  is  no  arrangement  for  series-paralleling.  Rheostatic 
control  may  be  used  with  equipments  of  one  or  more  motors,  but 
because  of  the  greater  energy  economy  secured  by  series-paralleling 
in  two  or  four  motor  equipments,  the  use  of  rheostatic  control  is 
practically  limited  to  single-m  otor  equipments.  The  hand  controller 
commonly  used  to  make  the  necessary  connections  for  rheostatic 
control  is  generally  known  by  its  trade  name,  the  type  **R"  con- 
troller. 

Series-parallel  ControL  The  series-parallel  method  of  control 
is  the  method  most  commonly  used  with  two-  and  four-motor  equip- 
ments. In  starting  a  two-motor  equipment  by  this  method  the  two 
motors  are  first  connected  in  series  and  in  series  with 'the  control 
resistance,  then  the  control  resistance  is  reduced  by  steps  until 
the  motors  are  running  in  series  on  the  working  conductor  potential. 
Control  resistance  is  then  added  as  the  motors  are  connected 
in  parallel  after  which  the  control  resistance  is  reduced  by 
steps  until  the  motors  are  running  in  paralld  on  the  working  con- 
ductor potentiaL  Four-motor  equipments  are  usually  arranged  in 
two  groupS'Of  two  motors  permanently  connected  in  parallel  with 
each  other  and  these  two  groups  are  controlled  as  the  two  motors  of 
a  two-motor  equipment.  There  are  two  general  methods  of  making 
the  transition  from  series  to  parallel  connections  in  series-parallel 
control,  one  opening  the  power  circuit,  while  the  other  leaves  it 
closed. 

Type  **K"  Controller.  (Figs,  i  and  2,  also  Figs.  3  to  10,  inclusive, 
which  are  from  "Electric  Car  Maintenance,'*  by  Mr.  Walter  Jack- 
son.) The  type  "jRT"  controller  does  not  open  the  power  circuit 
during  transition  from  series  to  parallel.  This  t3rpe  of  controller 
is  in  most  common  use.  For  the  control  of  the  smaller  motors  the 
type  "X"  controller  is  arranged  to  cut  the  current  off  half  the 
motors  during  transition.  This  is  done  by  first  shunting  this  half, 
then  disconnecting  it  before  placing  the  halves  in  parallel.  For  the 
control  of  the  larger  motors  the  type  "X"  controller  is  arranged  to 
maintain  the  current  in  all  the  motors  during  transition  (see  "  Bridg- 
ing Connections,"  p.  333). 

Tjrpe  "L*'  Controller.  The  type  "L"  controller  opens  the  power 
circuit  during  transition  from  series  to  parallel  connections  of  the 
motors  (Fig.  11).    This  type  of  controller  is  little  used. 
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CONTROLLER  CIRCUITS 


electric  braking  imposes  an  ad- 
ditional load  upon  the  motors, 
thus  necessitating  larger  motors. 
Bridging  Connectifms,  (Type 
"K"  Controller.)  As  noted 
above,  the  smaller  sizes  of  type 
"K"  controller  are  arranged  to 
cut  the  current  off  liali  the 
motors  during  transition  from 
series  to .  parallel  connections. 
This  causes  a  reduction  in  the 
tractive  effort  of  the  motor 
equipment  during  transition. 
In  order  to  maintain  approxi- 
mately the  same  current  torough 
all  the  motors,  thereby  holdii^ 
the  tractive  effort  approxi- 
mately constant  during  transi- 
tion, a  bridging  S3'stem  of  con- 
nections is  used  in  some  of  the 
larger  controllers.  Fig.iashows 


-  -  J       J,  M  w       Motor    Molor 

iJ-inAnAnJifii— 0^^ — aw-c 
■J  inAnAnfinj — "^ — »-^g 


tJ  ijii^JiAnAnf— o-^ — ^-^g 

o^^J  inAnJUiAfb — frv." — ov^G 

I B  tJ  ju\jiftn/ui»— t"^ — o^^G 

cT-*  inAnAnAJii— o^i"*   o^^g 

ji  [n/uiAJiAJil— &^^gU-«^c 

rJ  iiu'iiiAnAnJ— *-'^g'*vw-c 

r-J  tfiAniWinJ— «w^c'<w^G 

tJ  uiAnrtAAnl— ♦'^^g'ow^g 
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—Wiring  diagnun,  K-iS-B  Fio.  g.— Wiring  diagram,  K-aB-L 
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sequence  of  switch  operation  from  the  starting  of  the  motors  in 
series  and  in  series  with  the  full  starting  resistance  to  the  point 
at  which  the  motors  are  running  in  parallel  on  working  conductor 
potential.    The  circuits  during  this  process  are  diagrammatically 


u 


Rx  us  M  M  u   Im 


^1. 


M    la 


5—^7  I"»4j 


Fig.  9. — Circuit  diagram,  K-ii  controller. 

explained  by  Fig.  13.    The  sequence  of  connections  for  the  **  bridg- 
ing'' control  of  a  four-motor  equipment  is  shown  by  Fig.  14. 

Three-Speed  CoDtrol  System.  Fig.  15  shows  the  connections  of 
the  Jones  patent  control  system  used  on  the  Pittsburgh  low  floor 
cars.  This  control  provides  three  running  points,  one  f uU  series,  one 
series-parallel  and  one  parallel,  the  points  between,  where  there 
are  one  or  more  idle  motors,  being  simply  transition  points.    This 


vn  Poteft 
M M 


1      M     a|     B4 


U 


—     M     »i 


Fig.  id. — Sequence  of  connections,  K-28-B  controller. 

arrangement  makes  possible  the  changing  of  the  motors  from  the 
full  series  to  full  parallel  relation  without  breaking  the  initial  series 
connections  between  the  motors.  These  original  connections  are 
maintained  and  the  various  changes  effected  by  short-circuiting  one 
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Motors. 
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or  more  motors  and  establishing  circuit  connections  of  a  character  to 
cause  the  current  to  flow  through  both  the  fields  and  armatures  of 
some  of  the  motors  in  a  direction  reversed  to  that  in  which  it  flowed 
in  the  series  position.  On  the  first  point  all  four  motors  are  con- 
nected in  series  through 
I  I  a  resistance.       On  the 

^  '  second    point    this  re- 

sistance is  cut  out, 
which,  on  a  6oo-volt 
circuit,  makes  150  volts 
drop  across  each  motor 
and  makes  the  second 
point  on  the  control  a 
running  point.  The 
third  point  is  made  by 
closing  the  switch  C  and 
opening  the  switch  A, 
C  closing  slightly  before 
A  opens,  which  connec- 
tions short-circuit  two 
motors  and  place  300 
volts  across  each  of  the 
other  two.  The  fourth 
point  simply  closes  the 
ground  connection  to 
the  two  idle  motors 
which  makes  300  volts 
across  all  four  motors 
and  parallels  the  two 
pairs.  Transition  is 
made  from  this  fourth 
point,  which  is  a  run- 
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10 
11 


■^^\^-o— w^ 


-^^- 


•*Mr' 


■JjO-VWVO    *NH 

12lT^=»-o-A/v^rO— ^^WV- 

Oiroait  Open 
lOhansea  to  Multiple 
see  next  oolumn. 

Fig.  zi. — Sequence  of  connections,  type  L 
controller. 


BrO-W^n, 
BrO-AlWri 


ning  point,  to  the  next  running  point,  which  is  the  seventh,  by 
first  providing  connections  which  short-circuit  one  motor  and  place 
one  across  600  volts  in  parallel  with  the  other  two  in  series  with 
300  volts    across    each;    then    short-circuiting    another    motor 


1 


Sequence  of  ConneotloiiB: 


/-^ sequence  ot  uonneouonB: 

^'^'V'^^Vv^  Q  2  rZKWO(RrS  Close  ft-h;  b,o,d.e,j,kJ.li 


Oloee  o-J;d-k:e-L 
Fig.  12. — Circuits  of  bridging  type  of  control. 

with  the  other  two  operating  in  parallel  across  600  volts;  and 
then  providing  the  ground  connection  for  the  two  short-circuited 
motors,  placing  all  four  in  parallel  across  600  volts.  This  system 
is  very  efficient  because  there  is  no  external  resistance  in  the  motor 
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circuit  beyond  the  first  controller  position.    It  thus  also  reduces 
the  weight  of  resistance  which  must  be  carried  on  the  car. 

Booster  Control  (Fig.   i6).    From  descrip-       y^ 
tion  by  Mr.  Charles  Jacquin,  Paris,  France,  of  "^uOi 
S3^tem  developed  chiefly  by  M.  Legouez  and 
lised  by  the  Jeumont  Company.     MiMt  and 
ntinh  represent  the  armatures  and  fields  of  the 
ordinary  direct-current  traction  motor,  the  two 
armatures  being  permanently  operated  in  series 
and  the  two  fields  being  permanently  connected 
in  series.    The  machines  Fi,  Ft  and  Fi  repre- 
sent the  motor-generator  set,  the  functions  of 
which  will  now  be  explained.    Fi  and  Ft  repre- 
sent a  booster  group  and  Ft  a  small  regenera- 
tion dynamo.     The  booster  group  itself  comprises  two  commu- 
tating  machines,  Fi  and  Fs,  the  armatures  of  which  are  moimted 

mechanically    on     the 


Pig.  13.— Diagram 
of  bridging  method 
of  control. 


I 


2 


same 


M     BS 


Motors 


Moton 


F-iRA/mHig^^^-IJiJil-HiS::^ 


Pig.  14. — Sequence  of  connections,  bridging 
type  of  control. 

22 


shaft,  one  work- 
ing as  a  motor  and  the 
other  as  a  generator. 
The  functions  of  these 
machines-  are  reversible, 
depending  upon  oper- 
ating conditions,  but  Fi 
is  alwa3rs  connected  in* 
series  with  the  traction 
motors  by  a  two-way 
switch  3.  By  means  of 
switch  4  the  armature  of 
Ft,  the  regeneration 
dynamo,  is  joined  in 
parallel  with  the  field 
coils  of  the  traction 
motors.  This  machine 
serves  for  varying  the 
excitation  of  the  trac- 
tion motors.  The  ma- 
chine F2,  which  operates 
at  a  constant  s{>eed, 
is  simply  a  compound 
dynamo  connected 
across  the  line,  its 
shunt-exciting  circuit 
being  shown  as  A,  and 
its  series  circuit  as  Dt. 
The  regulating  genera- 
tor Fi  has  two  exciting 
circuits,  one  being  the 
circuit  H  which  receives 
a  constant  current  from 
the  line  X  and  the  other 
the  circuit  E  connected 
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in  shunt  with  its  own  armature  and  that  of  machine  Fz.  The  regen- 
eration dynamo  Ft  also  has  two  exciting  circuits,  one,  A^  connected 
directly  across  the  line  X  to  produce  a  constant  excitation,  the 
other,  By  connected  in  parallel  with  the  armature  circuit  of  the 
regulating  dynamo  Fi  to  give  an  excitation  yarjdng  in  direction  and 
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Pig.  is. — Three-speed  control,  Jones  system. 

intensity  with  the  electromotive  force  of  this  machine;  that  is  to  say, 

the  excitation  of  Fz  depends  upon  the  speed  of  the  traction  motors. 

In  starting  from  rest,  switch  i  is  closed  first,  the  reversing  switch 

2  of  the  regulating  dyjj^iQp  bein^  in  the  proper  position.     Then 
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the  booster  group  is  brought  to  normal  speed  with  the  small  rheostat, 
rhy  machine  Fj  now  acting  as  a  motor.  Until  this  moment,  switch 
3  has  been  kept  open  to  avoid  excessive  current  in  the  main  motor 
circuit.  As  soon  as  the  booster  group  has  attained  its  normal  speed, 
switch  3  is  closed  according  to  the  direction  of  propulsion.  The  real 
starting  operations  follow  next.  At  first  the  electromotive  force  of 
machine  Fi  is  in  a  direction  to  subtract  from  the  main  line  voltage 
and  thereby  to  decrease  the  voltage  impressed  on  the  traction  motors 
Under  these  conditions,  F\  operates  as  a  motor  and  drives  Fj  as 


■Fig.  i6. — Booster  control  system,  Paris. 

generator,  which  therefore  returns  energy  to  the  line  X,  Subse- 
quently, as  the  main  traction  motors  accelerate,  the  voltage  across 
F\  is  reduced  and  finally  reaches  zero,  under  which  condition  the  two 
traction  motors  operate  as  if  in  ordinary  series  connection,  receiving 
the  full  line  voltage.  When  the  higher  speed  of  travel  is  reached, 
the  dynamo  F2  runs  as  a  motor  and  drives  Fi  as  a  generator  to  pro- 
duce an  electromotive  force  which  adds  to  that  of  the  line  until  the 
voltage  impressed  upon  each  traction  motor  is  equivalent  to  that 
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obtained  during  ordinary  parallel  connection.  By  this  method, 
accderation  is  obtained  without  waste  of  energy  or  discomfort 
to  passengers.  The  reverse  of  the  foregoing  movements  occurs 
during  retardation,  the  switch  2  being  reversed,  thereby  altering 
the  excitation  of  machine  Fi,  varying  the  electromotive  force  im- 
pressed upon  the  traction  motors  and  causing  energy  to  be  returned 
to  the  line. 

Resistance  Connections.  There  are  two  general  methods  of  con- 
necting control  resistance  in  the  motor  circuit,  the  series  method  and 
the  parallel  method.  In  the  series  method  (Fig.  17)  all  the  redst- 
ance  is  connected  in  series  at  the  beginning  and  it  is  cut  out  of  the 
circuit  by  short-circuiting  sections  of  it,  progressively.  By  this 
method  much  radiating  surface  is  made  available  during,  starting. 
In  the  parallel  method  (Fig.  18)  the  resistance  in  circuit  is  reduc^ 
by  adding  resistor  sections  in  parallel,  progressively,  to  the  sections 
already  in  circuit,  thus  reducing  the  total  resistance  of  the  circuit 
and  finally  short-circuiting  all  the  resistance.  This  requires  smaller 
switches  than  the  series  method.  (See  Figs.  27-29  inc.,  for  instances 
of  the  combination  of  these  two  methods.) 


8eqaenc«  of  comiectloa.4  ^  g^JJJJf « ^  connecfloMi 

Olore  a,lMVl,«>  \  coniecutl^^ly  01o.Ux;c.d.e.l.  couecofixBly 

Fig.  17. — Series  method  of  con-  PiG.  18. — Parallel  method 

necting  control  resistance.  of   connecting   control   re- 

sistance. 

Controller  Rating.  The  rating  of  a  controller  is  based  upon  the 
combined  nominal  i-hour  power  rating  (see  page  221)  of  the 
motors  it  is  to  control.  This  rating  is  generally  given  for  a 
certain  voltage  and  for  a  voltage  variation  from  this  value,  but 
within  the  insulation  and  arc-breaking  capacity  of  the  controller, 
the  horse-power  capacity  of  the  controller  will  vary  approximately 
as  the  voltage. 

Reversing  Series  Motors.  The  direction  of  rotation  of  a  series 
motor  may  be  reversed  by  inverting  the  relation  of  the  direction 
of  the  current  in  the  armature  to  tfie  direction  of  the  current  in  the 
field.  This  may  be  done  by  reversing  the  connections  to  the  arma- 
ture or  by  reversing  the  connections  to  the  field.  Older  types  of 
controllers  were  arranged  to  reverse  the  connections  to  the  brushes, 
but  -controllers  for  use  with  commutating  pole  (interpole)  motors 
are  arranged  to  reverse  the  connections  to  the  field  and  leave  the 
interpole  winding  permanently  connected  between  armature  and 
ground,  thus  securing  minimum  insulation  strains  on  the  inter- 
pole winding.  Controllers  built  to  reverse  the  connections  to  the 
brushes  can  be  arranged  to  reverse  the  connections  to  the  field. 

Commercial  Drum  Type  Controllers.  Except  where  noted,  the 
following  controller  data  are  for  both  General  Electric  and  Westing- 
House  controllers. 


CONTROLLER  DATA 


341 


Type 

No. 

of 

motors 

Total 

h.p. 

500  volts 

Number 

of 
points 

Approx. 

net  wt. 

in  lb. 

Remarks 

K-6-A 

2  or  4 

160 

6  series 
5  parallel 

270 

Superseded  by  K-28-B. 

K-6-H 

2  or  4 

z6o 

6  series 
5  parallel 

270 

Has  auxiliary  contacts  for 
operating          contactors, 
otherwise      as      K-6-A, 
superseded  by  K-28-J. 

K-io-A 

2 

80 

5  series 

4  parallel 

210  . 

Standard. 

» 

K-io-H 

2 

80 

S  series 
4  parallel 

210 

Has  auxiliary  contacts  for 
operating          contactors. 
Otherwise  as  K-io-A. 

S-? 

2 

80  to  100 

6  series 
4  parallel 

Allis  Chalmers. 

K-ii-A 

2 

120 

5  series 
4  parallel 

225 

Standard.     Similar  to  K- 
lo-A,   but   with   fingers, 
wiring    and    blowout    of 
greater  capacity. 

K-ir-H 

2 

120 

5  series 
4  parallel 

225 

• 

Has  auxiliary  contacts  for 
operating          contactors. 
Otherwise  as  K-ii-A. 

K-I2-A 

4 

120 

5  series 
4  parallel 

220 

Standard.     Similar  to  K- 
ii-A  but  with  a  reverse 
.   switch  for  four  motors. 

K-I2-D 

4 

120 

5  series 
4  parallel 

220 

Has  auxiliary  contacts  for 
operating          contactors. 
Otherwise  as  K-12-A. 

K-I3-A 

2 

250 

7  series 
6  parallel 

S16 

Superseded  by  K-34-D  or 
K-3S-G,     according     to 
capacity  required. 

K-14-A 

4 

240 

a 

7  series 
6  parallel 

S50 

Superseded  by  K-34-D  or 
K-3S-G,     according     to 
capacity  reqiiired. 

K-14-E 

4 

240 

7  series 
6  parallel 

sso 

Has  auxiliary  contacts  for 
operating          contactors. 
Otherwise  as  K-14-A. 

K-a7-A 

2 

120 

4  series 
-  4  parallel 

225 

Standard  for  metallic  re- 
turn.   Supersedes  the  K-8. 

S-4 

4 

x6o 

6  series 
4  parallel 

Allis  Chalmers 

K-28-B 

4 

160 

5  series 
5  parallel 

239 

Standard. 

• 

K-28-F 

4 

160 

5  series 
5  parallel 

239 

• 

Has  auxiliary  contacts  for 
operating          contactors. 
Otherwise  as  K-28-B. 

K-2«^-A 

4 

160 

6  series 
5  parallel 

265 

Standard  for  metallic  re- 
turn. 

K-29-B 

4 

160 

6  series 
5  parallel 

265 

• 

Has  auxiliary  contacts  for 
operating        contactors. 
Otherwise  as  K-29-A. 
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Type 

No. 

of 

motors 

Total 

h.p. 

^500  volts 

Number 

of 
points 

Approx. 

net  wt. 

in  lb. 

Remarks 

K-31-A 

4 

120 

4  series 
4  parallel 

230 

Standard  for  metallic  cir- 
cuit. Similar  to  K— 27  but 
with  a  reverse  switch  for 
four  motors. 

K-32-A 

2 

80 

4  series 
4  parallel 

220 

Standard  for  metallic  cir- 
cuit. Similar  to  K-27  but 
with  finsers,  blowout  and 
wiring  ox  less  capacity. 

K-34-D 

2  or  4 

300 

6  series 
4  parallel 

440 

Standard  for  railway 
equipments  of  this  capac- 
ity. Supersedes  K-34-A, 
K-34-B  and  K-34-C. 

K-34-F 

2  or  4 

300 

6  series 
4  parallel 

440 

Similar  to  K-34-D,  with 
addition  of  auxiliary  con- 
tacts for  operating  con- 
tactors. 

S-2 

4 

300 

7  series 
5  parallel 

AUis  Chalmers. 

K-3S-G 

2  or  4 

200 

S  series 
3  parallel 

267 

Standard  for  railway 
equipments  of  this  capac- 
ity. Supersedes  K-3S-A, 
K:-35-C  and  K-3S-D. 

K-3S-H 

2  or  4 

200 

S  series 
4  parallel 

267 

Similar  to  K-3S-G  with 
addition  of  auxiliary  con- 
tacts for  operating  con- 
tactor. Supersedes  K- 
3S-B. 

K-3S-M 

2  or  4 

200 

5  series 
4  parallel 

267 

Similar  to  K-3S-G  with 
addition  of  auxiliary  con- 
tacts for  contactor. 

K-36-B 

2 

120 

* 

4  series 
4  parallel 

220 

Standard  for  railway 
equipments  of  this  capac- 
ity.   Supersedes  K-36-A. 

K-36-C 

2 

120 

4  series 
4  parallel 

220 

Similar  to  K-36-B  with 
addition  of  auxiliary  con- 
tacts for  contactor. 

K-36-G 

2 

120 

4  series  • 
4  parallel 

225    . 

Standard.  One  motor  open 
circuited  in  transition. 

K-36-H 

2 

120 

4  series 
4  parallel 

225 

Similar  to  K-367G  with 
addition  of  auxiliary  con- 
tacts for  contactor. 

K-38-B 

2  or  4 

300 

6  series 
5  parallel 

•    ASS 

Standard  for  railway 
equipments  of  this  capac- 
ity with  metallic  return. 
Similar  to  K-34-D,  but 
arranged  for  metallic  re- 
turn.   Supersedes  K-3  8- A. 

K-38-D 

2  or  4 

300 

6  series 
4  parallel 

440 

Standard  for  metallic  re- 
turn. One-half  motors 
open  circuited  in  transi- 
tion. 

K-39-A 

2 

120 

4  series 
4  parallel 

225 

Standard  for  railway 
equipments  of  this  capac- 
ity with  metallic  return. 
Similar  to  K-36-B,  but 
arranged  for  metallic  re- 
turn. 
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Type 

Number 

of 
motors 

Total 

h.p. 

soo  volts 

Number 

of 
points 

Approx. 

net.  wt. 

in  lb. 

Remarks 

K-39-B 

2 

120 

4  series 
4  parallel 

229 

Standard  for  metallic  re- 
turn. One  motor  open 
circuited  in  transition. 

K-40-A 

2  or  4 

200 

5  series 
3  parallel 

280 

Standard  for  railway 
equipments  of  this  capac- 
ity with  metallic  return. 
Similar  to  K-3S-D,  but 
arranged  for  metallic  re- 
turn. 

S-i 

4 

200  to  240 

• 
7  series 
5  parallel 

Allis  Chalmers. 

K-44-A 

2  or  4 

400 

7  series 
5  parallel 

622 

Standard.  Bridge  transi- 
tion. 

L-2-A 

2 

350   . 

4  series 

4  parallel 

640 

Standard  for  railway 
equipments  of  this  capac- 
ity. Reverses  motor  ar- 
matures. Must  be  rewired 
for  interpole  motors. 

I^3-A 

4 

600 

8  series 
8  parallel 

982 

L-4-A 

4 

400 

4  series 
4  parallel 

787 

Stiperseded  by  K-34  or 
K-44  according  to  capac- 
ity required. 

L-4-E 

4 

400 

4  series 
4  parallel 

770 

Standard  for  railway 
equipments  of  this  capac- 
ity. 

L-4-C 

4 

400 

4  series 
4  parallel 

770 

Similar  to  L-4-E  but  has 
auxiliary  contacts  for  con- 
tactor device.  Reverses 
motor  armatures.  Must 
be  rewired  for  use  with 
interpole  motors. 

L-i4~A 

4 

2 

500 

Total 

h.p. 

1200  volts 

7  series 
6  parallel 

6  series 
5  parallel 

850 
400 

Standard  •  for  railway 
equipments  of  this  capac- 
ity. Reverses  motor  ar- 
matures. Must  be  rewired 
for  use  with  interi>ole 
motors. 

K-42-A 

200 

Standard.  One  motor  open 
circuited  in  transition. 
Maximum  line  voltage 
1300. 

K-42-B 

2 

200 

6  series 
5  parallel 

400 

Has  auxiliary  contacts  for 
operating  contactors. 
Otherwise  as  K-42-A. 
Maximum  line  voltage 
1300. 

R-200 

2 

100 

6  series 

350 

For  two  so-h.p.,  600- volt 
motors  in  series.  Maxi- 
mum line  voltage  1300. 
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Electric  Braking  Controllers 


Type 

Num- 
ber of 
motors 

Total 

h.p. 

Soo  volts 

Number 

of 
points 

Approx. 

net  wt. 

in  lb. 

Remarks 

B-6-A 

4 

120 

4  series 
4  parallel 
4  braking 

335  ' 

B-8-B 

4 

240 

6  series 

5  parallel 

7  braking 

670 

Has  separate  brake  handle. 

B-18-A 

2 

80 

4  series 
4  parallel 
6  oraking 

275 
f 

B-19-A 

4 

160 

5  series 

4  parallel 

6  braking 

430 

Has  separate  brake  handle. 

B-23-A 

2 

120 

S  series 
4  parallel 
7  brakinff 

350 

Standard  for  two  60-h.p. 
motors  or  leas. 

B-23-D 

2 

120 

5  series 
4  parallel 
7  oraking 

350 

Standard. 

B-3S-A 

2 

xoo 

4  series 
4  parallel 
6  Waking 

280 

B-so-A 

4 

200 

S  series 
4  parallel 
9  braking 

550 

Standard  for  four  50-h.p. 
motors  or  less.  Has 
modem  construction  simi- 
lar to  K-3S-D.  For  750 
volts  maximum. 

B-si-A 

2 

200 

5  series 
4  parallel 
9  braking 

550 

Standard  for  two  loo-h.p. 

motors.   Similar  to  B-50, 
.but    arraiiged     for     two 

motors.      For   750   volts 

maximum. 

Rheostatic  Controllers 


Type 

Number 
handles 

Number 
points 

Number 
motors 

H.p.  each 

motor 
500  volts 

Remarks 

R-9-A 

R-17-A 

R-19-A 

I 
2 

8 
6 

.6 
5 
9 
5 
9 

13 
5 
6 
6 
6 
6 

I 
I 
2 
2 

X 
X 

X 
X 
2 
2 
2 
3 
4 

200 

SO 

SO 

50 

75 

50 

xoo 

200 

50 

100 

x6o 

80 

80 

Westinghouse. 
Westinghouse. 
General  Klectric. 

R-22-A 

R-27-A 

R-28-A 

R-32-A 

R-84-A 

R-86-A 

R-io^A 

R-112-A 

R-113-A 

R-114-A 

2 
2 
2 
2 
2 

Westinghouse. 
Westinghouse. 
Westinghouse. 
Westinghouse. 
Westinghouse. 
Westinghouse. 
Westinghouse. 
Westinghouse. 
Westinghouse. 
Westinghouse. 
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Current  Fluctuations  during  Straight  Line  Acceleration  Period. 
When  resistance  is  cut  out  of  the  motor  circuit  in  passing  from  one 
controller  point  to  the  next,  there  is  a  sudden  increase  in  current 
accompanied  by  an  increase  of  tractive  effort  which  produces  a 
sudden  increase  in  rate  of  acceleration.  This  increase  in  rate  of 
acceleration  is  evidenced  by  a  jerk  whose  violence  depends  upon  the 
magnitude  of  cusrent  fluctuation,  train  resistance  and  inertia  and 
the  tractive  effort  characteristic  of  the  motor.  An  excessive  in- 
crease in  rate  of  acceleration  may  cause  discomfort  to  the  passengers, 
it  may  produce  too  great  mechanical  strains  in  the  trucks,  draw  bars. 
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FlG.  19. — Number  of  series  controller  points  in  relation  to  resistances  and 

current  fluctuations. 

gears  or  links,  or  the  driving  wheels  may  be  slipped.  The  increase 
in  rate  of  acceleration  should  not  exceed  0.6  mile  per  hour  per  second 
for  passenger  service.  For  usual  conditions  of  city  service  the  value 
of  maximimi  current  during  the  straight  line  acceleration  period  may 
be  taken  at  about  10  per  cent,  above  the  average;  thus  the  minimum 
will  be  the  same  amount  below  the  average,  making  the  total  cur- 
rent fluctuation  about  22  per  cent.    Smaller  fluctuations  are  used 
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in  heavier  service.  In  freight  locomotive  operation  the  fluctuation 
of  the  draw-bar  pull  should  not  be  greater  than  15  per  cent.  The 
degree  of  perfection  to  which  the  acceleration  of  a  train  is  accom- 
plished depends  upon  the  number  of  steps  into  which  the  starting 
resistance  is  divided,  the  proportioning  of  these  steps  and  the  speed 
and  degree  of  uniformity  with  which  the  steps  are  cut  out.  The 
proportioning  of  the  steps  demands  a  study  of  equipment  and  condi- 
tions.   The  speed  and  degree  of  uniformity  with  which  the  steps 

are  cut  out  are  cared  for 
automatically  in  the  case 
of  automatic  multiple- 
unit  control,  but  in  the 
case  of  hand-operated 
control,  except  where 
auxiliary  regulating  de- 
vice is  attached  to  the 
controller,  they  depend 
upon  the  skill  and  pains- 
taking efforts  of  the  mo- 
torman. 

Calcolatton  of  Resist- 
ances and  Resistance 
Steps  for  the  Control  of 
Direct-current  Motors. 
Following  is  a  method  of 
approximating  the  resist- 
ance steps  for  the  control 
of  direct-current  series 
motors. 

Rheostaiic  Control  and 
Series  Portion  of  Series 
Parallel  Control.  Figs. 
19  and  20  are  for  the  oil- 
culation  of  both  rheo- 
static  control  and  the 
control  during  the  series 
acceleration  period  of  * 
series  paralldl  control. 
These  curves  are  based 


15        20        25       30 

Bclatlon  of  difference  bet\reeil  maximum  current 
and  average  current  during  straight  line  acceleratloi^ 
period  to  average  current  duriug  that  period.. 

Fig.  20. — Per   cent,  of  resistance  between 
series  controller  points. 


on  the  assumption  that  the  per  cent,  increase  in  counter  electromo- 
tive force  due  to  increase  in  current  in  motor  fields  is  equal  to  one- 
half  the  per  cent,  increase  in  this  current.  This  assumption  may  be 
made  without  causing  material  error  in  practical  results  ordinarily 
required  in  the  calculation  of  resistance  steps  for  electric  railway 
work.  These  curves  are  used  in  the  arrangement  of  resistance  for 
entire  rheostatic  control  just  as  they  are  used  in  arranging  the  resist- 
ance for  the  series  portion  of  the  series-parallel  control;  therefore,  the 
explanation  of  the  method  of  using  the  curves  for  the  series  portion 
of  series-parallel  control,  as  given  by  the  example  on  p.  348,  will  also 
serve  to  snow  how  the  curves  are  used  for  entire  rheostatic  control. 

ParaUel  Portion  of  Series-parallel  Control,    Formulas  for  the  ap- 
proximation of  resistance  steps  in  parallel  straight  line  acceleration: 
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Significance  of  symbols  in  the  following  formulas: 

A  —  counter  electromotive  force  of  each  motor  at  completion  of 
series  straight  line  acceleration  at  instant  controller  is  moved 
from  the  last  series  straight  line  acceleration  point,  volts 

*   -  C 

B  =s  motor  counter  electromotive  force 

C  ~  motor    counter   electromotive   force   at   instant    controller 

breaks  contact  at  a  point 
D  =  combined  counter  electromotive  force  of  motors  as  connected 

for  parallel  operation  at  instant  controller  makes  contact  at 

first  parallel  point 

So  long  as  the  motor  fields  are  operating  at  less  than  full  satura- 
tion, B  will  be  greater  than  C  because  the  current  through  the 
fields  when  the  controller  makes  contact  at  a  point  is  greater  than 
the  current  through  the  fields  when  the  controller  breaks  contact  at 
the  preceding  point.  The  values  of  b  may  be  taken  from  the  satura- 
tion curve  for  the  motor.  Where,  during  straight  line  acceleration, 
a  commercial  motor  is  operated  at  an  average  current  approximately 
equal  to  that  of  the  i-hour  rating  of  the  motor,  tne  assump- 
tion that  the  per  cent,  of  increase  from  C  to  B  is  equal  to  half 
the  per  cent,  of  increase  of  current  may  be  made  without  causing 
material  error  in  practical  results  ordinarily  required.  Such  an 
assumption  permits  the  following  convenient  approximate  value: 


'-('+^) 


N  »  current  ^t  instant  controller  makes  contact  at  any  point, 

amperes 
P  »  current  at  instant  controller  breaks  contact  at  point, 

amperes 
Q  =  current  at  instant  controller  breaks  contact  at  last  series 

point,  amperes 
E  =  total  apphed  electromotive  force,  volts 
Ri  =  total  resistance  of  motors  in  series  connection,  external 
resistance  cut  out,  ohms 
n  =  number  of  motors  in  series  across  total  applied  electro- 
motive force  in  series  position  of  controller 
^2  =  combined  resistance  of  motors  in  parallel  connection, 

external  resistance  cut  out,  ohms 

Rz  =  necessary  total  resistance  of  circuit  at  first  point  in 

parallel    straight    line    acceleration    (including    motor 

resistance),  ohms 

f  1  =  external  resistance  which  must  be  placed  in  series  with 

motors  at  first  point  in  parallel  straight  line  acceleration 

{n  —  rj),  {r%  —  fj),  etc.  =  resistance  which  must  be  cut  out  in 

passing  from  points  (i  to  2),  (2  to  3), 
etc.,  respectively 

P 
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.        b{E^  RiP) 

A  =  

n 

n  =  —^ R. 

fi  -  r2  =  -^(i  -  a)  -  -^(i  -  ab) 

ft  —  ft  =  ahixi  —  fa) 
fa  —  r4  =  ab{r2  —  fj) 
r4  -  f 6  =  ab{ri  -  rt) 
fi  —  ft  -  ab(r4  —  tf) 

Example:  Calculation  of  resistance  steps  for  the  series-parallel 
control  of  four  6o-h.p.  500- volt  direct-current  series  motors 
having  a  resistance  of  0.42  ohm  each.  The  steps  are  to  be  so 
arranged  that  the  maximum  current  during  straight  line  accelera- 
tion shall  not  exceed  the  average  current  during  that  period  by 
more  than  10  per  cent.  The  average  current  per  motor  required 
during  straight  line  acceleration  is  100  amperes. 

Resistance  of  set  of  four  motors  arranged  for  series  acceleration, 
two  in  series  and  two  in  parallel  =  0.42  ohm, 

total  average  current  =  200  amperes 
assuming  that  the  maximum  current  during  straight  line  accelera- 
tion is  10  per  cent,  greater  than  the  average  current; 
maximum  current  during  acceleration  in  series  ==  220  amperes, 

total  resistance  (including  motors)  necessary  at  beginning  =  - — 

220 

—  2.273  ohms,  relation  of  motor  resistance  to  total  resistance  at 

,     .     .  0.42  X  100        o 

beginning  =  — =  18.5  per  cent. 

2.273 

Referring  to  Fig.  19,  the  vertical  through  the  "relation  of 
motor  resistance  to  total  resistance  at  beginning"  of  18.5  per  cent, 
intersects  the  horizontal  through  the  '*  relation  of  difference  between 
maximum  current  and  average  current  during  straight  line  accelera- 
tion period  to  average  current  during  that  period"  at  10  per  cent.,  on 
the  "6-point"  curve.  This  indicates  that  the  controller  should 
have  six  points  for  series  acceleration.  Now  (Fig.  20)  following  the 
vertical  through  the  *^  relation  of  difference  between  maximum  current 
and  average  current  during  straight  line  acceleration  period  to  average 
current  during  that  period^ "  10  per  cent.,  intersections  with  the  curves 
show  that  the  "per  cent,  of  total  resistance  cut  out  in  passing  from 
one  point  to  the  next"  should  be  as  given  in  the  second  column  of 
the  following  table: 

Resistance 
Interval  Per  cent,  of  total       Ohms 

Point  I  to  point  2 20. 0  0. 45 

Point  2  to  point  3 18.0  0.41 

Point  3  to  point  4 16. 2  0.37 

Point  4  to  point  5 14.  S  0.33 

Point  s  to  point  6 13 .  i  0.30 

Resistance  of  motors 18.5  o. 43 


) 
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Multiplying  the  total  resistance  in  circuit  at  beginning,  2.273, 
by  each  of  these  per  cents,  gives  the  values  in  the  third  column  for 
the  number  of  ohms  which  should  be  cut  out  in  passing  from  point 
to  point. 

If,  in  using  Fig.  19,  the  vertical  through  18.5  per  cent,  and  the 
horizontal  through  xo  per  cent,  had  not  intersected  on,  or  very 
near,  one  <^  the  diagonal  curves,  the  value,  10  per  cent.,  for  the 
''relation  of  difference  between  maximum  current  and  average 
current  ..."  should  be  changed  by  trial  to  a  value  at  which  the 
corresponding  value  of  the  "relation  of  motor  resistance  to  total 
resistance  at  beginning''  is  such  that  the  horizontal  and  vertical 
through  these  respective  points  intersect  on,  or  very  near,  a 
diagonal. 

Parallel  Straight  Line  Acceleralion,  Assuming,  as  in  the  case  of 
series  straight  line  acceleration  just  considered,  that  the  nuiximum 
current  during  parallel  straight  line  acceleration  will  exceed  the 
average  current  during  parallel  straight  line  acceleration  by  10 
per  cent. 

720 
=   HI 

^  h(E  ^  RiQ) 

n 
_  I.I  I  [500— (0.42  X  180)  1 

2 
=  236  volts  per  motor 

ri  =  -^^  -  R, 

440 
—  0.495  ohm 

fi  -  fa  =  ^(i  -  a)  -  -^(i  -  ab) 

=  5ooX.i:ii(,  .  0.818)  -  ^(i  -  0.818  X  i.ii) 
440  440 

=  0.180  ohm  , 
f2  —  rj  =  abifi  —  f») 

=0.91.  X0.180 

«  0.164  ohm 
r«  —  r4  ==  ab{rt  -  r,) 

=0.91  X  0.164 

=  0.149  ohm 
(ri  —  Ti)  -f-  {ft  —  ft)  +  (ft  —  fi)  =0.180  +0.164  +  0.149  =  0.493 

ohm. 
which  is  nearly  equal  to  the  value  ri  =  0.495  determined  above. 
This  indicates  that  by  using  a  controller  having  four  parallel 
points   and    having  the  parallel  steps  of    resistances  (fi  —  rj). 


A 
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(rj  —  ft)  and  (rj  —  fi),  rcFpectively,  calculated  above,  the  maxi- 
mum value  of  current  during  parallel  straight  line  acceleration  will 
be  approximately  lo  per  cent,  above  the  average  current  during 
parallel  straight  line  acceleration. 

If  one  more  resistance  step,  namely  (f 4  —  fs),  had  been  determined 
and  it  was  found  that  (rj  —  f2)  +  {r%  -  r j)  -f  (rj  —  r^)  +  {r^  —  rj) 
»  fi,  approximately,  this  would  indicate  that  a  controller  having 
fiv  e  parallel  points  should  be  used.  If  the  value  of  (r  1  —  r »)  + 
(fj  —  fa)  +  etc.  differs  materially  from  the  value  determined,  for 
ri,  then  a  new  calculation  should  be  made  starting  with  another 
permissible  value  of  per  cent,  by  which  the  maximum  value  of  cur- 
rent during  parallel  straight  line  acceleration  exceeds  the  average 
current  during  parallel  straight  line  acceleration. 

The  energy  dissipated  in  the  resistor  causes  a  rise  in  temperature 
of  the  latter.  The  extent  of  such  rise  will  depend  upon  the  material, 
design  and  radiation  conditions  of  the  resistor  and  the  intensity, 
duration  and  frequency  of  application  of  load  upon  the  resistor. 
The  resistance  of  the  resistor  at  any  instant  will  depend  upon  its 
temperature  and  material.  For  cast-iron  resistors  an  increase  of 
at  least  10  per  cent,  above  the  cold  resistance  may  be  expected. 
The  temperature  coefl&cient  of  resistance  of  a  cast-iron  resistor  grid 
is  approximately  0.0008  per  degree  C.  The  temperature  coefficient 
of  resistance  of  an  iron  alloy  resistor  grid  is  approximately  0.0004 
per  degree  C.  It  is  common  practice  in  the  manufacture  of  resistor 
grids  to  allow  a  variation  of  the  resistance  within  the  limits  5  per 
cent,  above  and  below  the  rating. 

Westinghouse  8- in.  Cast-iron  Resistor  Grids 


Style 

Pattern 

Resistance, 
ohms 

Capacity,  • 
amperes 

46.029 
46,030 
46.032 

N  3.35  7 
N  3.215 
N  3.214 

0.015 
0.020 
0.030 

100. 0 

86. s 
70.8 

46,033 
46.034 
46.035 

N  3.315 
N  3.213 
N  3.354 

0.040 
0.050 
0.060 

67.2 

54-8 
50.0 

46,036 

46,037 
46.083 

N  3,213 

N  3,353 
N  3,311 

> 

0.070 
0.080 

O.IOO 

46.3 
43.3 
38.7 

*  Continuous  capacity  for  240  deg.  C.  rise. 

General  Electric  Cast-iron  R.G.  Grids 


Resistance  per 
grid  at  25  deg.  C. 

Capacity,  amperes 

Size  number  of 
grids 

Continuous  at 
175  deg.  C.  rise 

Intermittent  (10 
sec.  on;  20  sec.  off) 
at  250  deg.  C.  rise 

I 
3 
5 
7 
9 
10 
12 

o.or 

O.OIS 

0.022 

0.033 

0.05 

O.Q5 

0.075 

80 
70 
60 
SO 
40 

35 
30 

160 

140 

120 

100 

80 

70 

60 

RESISTOR  GRIDS 
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The  intennittent  current  carrying  capacity  depends  upon  the 
particular  grid,  the  service  and  the  length  of  time  the  current 
flows.  The  grids  listed  in  the  above  table  will  safely  carry  five 
times  their  rated  continuous  current  for  a  period  of  30  seconds 
when  starting  cold. 

InstaUation  of  Grid  Resistors.  Fig.  21  shows  a  method  of 
installing  grid  resistors  presented  by  Mr.  R.  H.  Parsons.  Fig. 
21  represents  a  set  of  Uiree-box  resistors,  suspended  with  iron 
hangers  from  the  car  floor  or  framework  to  which  are  fastened  two 
wooden  hangers  covered  with  asbestos  lumber.    A  sheet  of  H-in. 


boB  HaagMT,  If  tutcned  to  Floer,  thould  b«<Sioaiid«d 
JunotloD  Box  for  T»i^iiig  lUls  CaU* 

Woodn  Ha^w      Outlet  Bmc*  fcr  SmMum  Lndi 


/  Jul 


BSR 


l}i'xi^iboar)uv 


S  X  8  Oftk  OoTMed 
with  AabaMM 
LumlMT 


rpsx 


At  Uttt  «>s"  batwMD  BMbton 

Fig.  21. — Installation  of  grid  resistors. 

asbestos  lumber  is  placed  below  the  wooden  hangers,  and  the  grids 
are  attached  under  the  asbestos  by  bolts  through  the  wooden 
hangers.  Care  should  be  exercised  to  allow  sufficient  space  between 
the  grids  and  between  the  two  outside  grids  and  the  iron  hangers. 
The  iron  hangers  should  be  grounded.  The  resistors  and  their 
conduit  connections  are  shown.  It  will  be  noted  that  the  wires 
are  separated  as  they  leave  the  fiber  cover  of  the  condulet  and 
that  they  touch  nothing  until  they  reach  the  terminal  of  the  grid. 
Asa  rubber  bushing  lines  the  fiber  outlet  to  the  condulet,  it  is  safe 
from  grounds  and  short  circuits. 

Auxiliary  Contactor  Equipment  The  auxiliary  contactor  equip- 
ment is  applied  to  the  hand  controller  and  is  arranged  to  break  the 
power  circuit  beneath  the  car  rather  than  within  the  controller. 
Figs.  22  and  23  show  the  connections  of  this  equipment.  The  con- 
troller is  provided  with  an  auxiliary  contact  device  at  the  basft  of 
the  main  cylinder.  It  consists  of  two  contact  fingers  which  are 
operated  by  a  pivoted  arm  and  a  projection  on  the  fiber  disk  at  the 
bottom  of  the  cylinder.  The  fingers  are  normally  held  open  at  the 
off  position  by  the  projection.  On  turning  the  controller  cylinder, 
the  main  operating  fingers  make  contact,  and  then  the  projection 
on  the  disk  disengages,  allowing  the  auxiliary  fingers  to  close.  A 
magnedc  blowout  is  provided  in  the  device  to  extinguish  the  arc 
when  the  fingers  open  to  the  off  position.  One  of  these  fingers  is 
connected  to  the  operating  coils  of  two  standard  contactors  operat- 
ing in  series,  the  other  through  a  switch  and  fuse  to  trolley.  The 
main  circuit  after  passing  through  a  protective  device,  such  as  switch 
and  fuse  or  circuit-breaker,  connects  to  the  contactors,  then  to  the 
controller  and  thus  to  motors.  A  projection  may  also  be  provided 
on  the  disk  to  open  the  contactors  in  passing  from  series  to  parallel. 
It  will  readily  be  seen  that  with  this  arrangement  all  heavy  arcing 
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occurs  in  the  contactors  and  not  in  the  controller.  The  two  con- 
tactors, with  resistance  tubes  which  are  placed  in  series  with  the 
operating  coils,  are  mounted  in  a  sheet-iron  box  located  under  the 
car.  A  further  development  of  this  system  is  in  using  the  contactors 
as  circuit-breakers.  This  is  accomplished  by  the  use  of  an  auxiliary 
circuit-breaker  the  tripping  coil  oi  which  is  in  the  troUey  circuit, 
and  the  contacts  in  the  circuit  feeding  the  contactor  ohIs.  This 
auxiliary  circuit-breaker  can  be  set  to  trip  at  any  predetermined 
current  between  certain  limits.  When  the  current  reaches  the  pre- 
determined point,  the  tripping  coil  pulls  in  the  armature  and  opens 


Fuse  and  Switch 


f 


Llshtnioff  Anetter 


To  Lii^ts  and  Pump 
MU  Tripping  Switch 

Main  Swltchv.  \ 


Fig.  32. — ^Wiring  diagram  for  auxiliary  contactor  equipment. 

the  switch,  thus  breaking  the  contactor  operating  circuit  and  open- 
ing the  contactors.  The  switch  can  also  be  tripped  by  t-hrowing 
the  handle  to  the  off  position. 

Advantages  of  Power-operated  Control.  Following  are  some  of 
the  advantages  of  power-operated  control.  These  are  secured 
with  simplicity,  reliability  and  low  maintenance  cost. 

(i)  Multiple-unit  operation  is  made  practicable.  Thus  the 
motive  power  may  be  distributed  in  small  units  without  loss  of 
efficiency  and  since  all  the  wheels  may  thus  be  made  driving  wheels 
a  maximum  tractive  effort  is  made  possible.  A  maximum  close- 
ness of  speed  adjustment  is  secured  and  strains  on  mechanical 
transmission  and  draft  gear  are  reduced  to  a  minimum. 

(2)  All  circuit-breakers  and  other  controUing  devices  which  carry 
the  main  motor  current  are  removed  from  the  platform  and  placed 


POWER  OPERATED  CONTROL 

beneath   the    i 

passengers  and   stimulates   i 

control.    Platform  weight  and  space  economy  a 
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Multiple -unit  Control 

The  multiple-unit  type  of  control  was  brought  out  primarily  for 
the  control  of  motors  in  a  service  requiring  that  cars  be  operated 
singly  or  several  cars  coupled  together  in  a  train  and  operated 
simultaneously.  When  several  cars  are  coupled  together  in  a 
train,  the  train  connections  are  so  arranged  that  the  motors  on  all 
of  the  cars  may  be  controlled  from  either  end  of  any  car  by  a  single 
operator,  the  cars  being  coupled  in  any  desired  relation  and  with 
either  end  of  any  car  connected  to  any  other  car  in  the  train. 
Although  designed  for  train  operation,  the  multiple-unit  type  of 
contr9l  is  used  almost  universally  for  the  control  of  single  car 
equipments  where  the  motors  have  a  capacity  of  50  h.p.  or  greater, 
owing  to  the  excessive  size  and  weight  of  hand  type  control  used 
with  motors  of  large  capacity.  It  is  also  coming  into  more  gen- 
eral use  for  equipments  of  all  sizes  because  it  removes  the  heavy 
power  circuits  and  circuit-breaking  apparatus  from  the  car  plat- 
form thereby  removing  a  great  source  of  annoyance  and  danger 
to  passengers. 

Train  control  systems  consist  in  general  of  two  parts,  the  first 
consisting  of  a  series-parallel  motor  controller  composed  of  a 
number  of  switches  or  circuit-breakers,  sometimes  called  con- 
tactors, whose  function  is  to  eflfect  the  different  electrical  combina- 
tions of  the  motors  pjid  regulate  the  starting  resistance  in  circuit 
with  them.  There  is  also  a  reverse  switch  for  the  motors  called 
the  reverser,  which  is  actuated  by  the  same  means  used  to  operate 
the  circuit-breakers  or  contactors.  The  second  part  comprises 
master  controllers  which  operate  the  motor  controlling  contactors 
and  reversers  through  the  medium  of  train  wires  extending  through- 
out the  length  of  train  so  operated.  A  single  operator  may  si- 
multaneously effect  similar  combinations  upon  the  several  motor 
cars  composing  the  train  thus  giving  to  the  train  the  same  advantages 
of  large  tractive  effort  and  rapid  acceleration  obtained  in  single 
car  operation. 

The  two  systems  of  multiple-unit  train  control  in  operation 
differ  in  the  means  employed  to  actuate  the  contactors  and  reversers, 
the  General  Electric  contactor  being  operated  electrically  by  the 
line  current,  while  in  the  Westinghouse  train  control  system  the 
contactor  or  unit  switch  is  closed  by  compressed  air  and  opened 
by  a  powerful  spring,  the  necessary  air-valves  being  actuated 
electrically  by  the  master  controller  through  a  train  cable  using 
storage  batt^y  or  line  current.  Each  system  aims  to  produce  the 
same  result,  that  is,  duplicate  the  performance  of  a  car  operated 
singly,  but  the  systems  differ  in  the  means  adopted  to  secure  this  end. 

Multiple-unit  control  is  divided  into  two  general  classes  according 
to  the  method  of  acceleration,  i.e.^  hand-operated  or  automatic,  the 
former  being  whoUy  under  the  control  of  the  operator  as  is  the  case 
with  the  hand  controller  while  the  latter  is  effected  by  the  current 
limiting  relays  and  interlocks  on  the  contactors  or  unit  switches. 

General  Electric  Multiple-unit  Control 

Hand-operated  Acceleration.  The  multiple-unit  system  of 
control  with  hand-operated  acceleration  is  in  general  use  both  for 
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train  and  single  car  operation.    It  is  in  effect  the  same  as  the  hand- 
operated  cylinder  type  of  control  except  that  instead  of  combining 
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all  the  various  circuit-breaking  contacts  upon  a  single  cylinder 
operated  by  hand,  it  divides  each  contact  into  a  separate  circuit- 
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breaker,  or  contactor,  and  actuates  these  electrically  through  train 
wires  by  means  of  a  small  master  controller.  The  motor-control, 
therefore,  comprises  those  parts  which  handle  motor  current,  all  of 
these  parts  oeing  electrically  operated  and  located  underneath 
the  car.  The  master  control  comprises  those  parts  which  handle 
the  control  current  for  operating  the  motor-control  apparatus,  the 
master  controller  being  operated  by  hand  and  located  in  the 
vestibule  at  either  end  of  the  car.  The  motor-control  is  local  to 
each  car  and  current  for  this  circuit  is  taken  directly  from  the 
troUey  or  third  rail  through  the  circuit-breakers  or  contactors, 
starting  resistance  and  reverser  to  the  motors  and  thence  to  the 
ground.  Where  it  is  necessary  to  operate  with  a  gap  in  a  third 
rail  system  it  is  sometimes  customary  to  install  a  train  line  so  tlmt 
any  car  may  supply  the  motor  current  for  the  other  cars  in  the 
train.  Train  wires  made  continuous  by  means  of  jumpers  be- 
tween cars  extend  throughout  the  train. 

On  each  car  the  operating  coils  of  the  motor-control  are  connected 
to  this  train  line  through  a  cut-out  switch,  these  train  wires  being 
energized  in  proper  sequence  by  the  hand-operated  master  controller 
on  the  platform.  Current  for  the  master  control  is  taken  directly 
from  the  trolley  or  third  rail,  through  the  master  controller  which 
is  being  operated  by  the  motorman,  to  the  train  line  and  thus  to  the 
operating  coils  of  the  contactors  forming  the  motor-control  on  ail 
cars  in  the  train. 

Master  Controller,  The  master  controller  is  similar  in  design  to 
the  original  cylinder  controller  in  that  it  contains  a  movable 
cylinder  and  stationary  contact  fingers  are  used  to  supply  current 
in  proper  sequence  to  the  different  wires  of  the  train  Ime  for  ener- 
gizing the  operating  coils  of  the  motor-control.  The  value  of 
current  required  is  very  small,  not  exceeding  2.5  amperes  for  each 
car  in  the  train.  The  master  controller  is  provided  with  two 
handles,  one  for  operating  and  one  for  reversing  the  direction  of 
the  train  movement. 

The  operating  handle  is  provided  with  a  button  which  must  be 
kept  down  except  when  the  handle  of  the  controller  is  in  the  off 
position,  as  releasing  this  button  permits  an  auxiliary  circuit  to 
open,  cutting  off  the  supply  of  current  in  the  master  controller, 
thus  de-energizing  the  train  line  and  opening  up  the  motor- 
control  apparatus.  This  button  is  intended  to  serve  as  a  safety 
appliance  iii  case  of  physical  failure  of  the  motorman. 

The  reverser  handle  is  connected  to  a  separate  cylinder  which 
establishes  control  connections  for  throwing  the  electrically  oper- 
ated reverser  either  forward  or  reverse  position  when  the  master- 
controller  handle  is  on  the  first  or  off  point.  The  operating  circuit 
for  the  reverser  is  so  interlocked  that  unless  the  reverser  itself 
corresponds  to  the  direction  of  the  movement  indicated  by  the 
reverser  handle  of  the  master  controller,  the  line  contactors  on 
that  car  cannot  be  energized. 

Transition.  In  train  control  bridging  connections  (see  page  333) 
are  used  in  changing  from  series  to  parallel  connection. 

Control  Coupler.  Couplers  between  cars  are  so  designed  as  to 
give  a  corresponding  connection  of  train  wires,  this  being  secured 
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by  means  of  proper  mechanical  design  of  plug  and  sockets,  it  being 
impossible  to  improperly  insert  the  plug  in  the  sockets. 

Contactor.  The  contactor  is  a  switch  operated  by  solenoid  coils, 
and  each  contactor  may  be  considered  as  the  equivalent  of  a 
finger  and  its  corresponding  cylinder  segment  in  the  hand-operated 
X  type  controller.  It  consists  of  an  iron  magnet  frame  with 
an  operating  coil  and  two  main  contacts,  one  fix^  and  the  other 
directly  connected  to  the  movable  finger.  These  main  contacts 
open  and  close  in  a  molded  insulation  arc  chute  provided  with  a 
magnetic  blowout.  Interlocks  are  provided  for  making  the  neces- 
sary connections  in  control  circuits  to  ensure  proper  sequence  in 
operating  the*  different  contactors.  All  of  the  contactors  are 
mounted  in  a  box  placed  on  a  wooden  insulating  support  beneath 
the  car,  this  box  being  provided  with  a  sheet  iron  cover  lined  with 
insulating  material.  , 

Reverser,  The  reverser  is  a  switch,  the  movable  part  of  which  is 
a  rocker  arm  operated  by  two  electromagnets  working  in  opposition. 
The  coils  receive  their  energy  from  the  master  controller  through 
the  train  line,  and  the  connections  are  such  that  only  one  coil  can 
be  operated  at  a  time.  Leads  from  the  motors  are  connected  to  the 
main  reverser  fingers  and  by  means  of  copper  bars  on  the  rocker 
arm,  the  proper  relations  of  armature  and  field  windings  are 
established  for  obtaining  forward  or  backward  motion  of  the  car. 

Sprague  General  Electric  Automatic  Mtdtiple-unit  Control 
provides  for  the  acceleration  of  the  train  at  a  predeteitnined  cur- 
rent in  the  motor,  this  feature  being  provided  without  preventing 
the  manual  operation  of  the  master  controller  at  less  than  the 
predetermined  current  if  desired.  The  operation  of  the  contactors 
is  controlled  from  the  master  controller,  but  governed  by  a  notch- 
ing or  current  limit  relay  in  the  motor  circuit,  so  that  the  accelerat- 
ing current  of  the  motors  is  substantially  constant.  This  is  ac- 
complished by  having  small  auxiliary  interlocking  switches  on 
certain  of  the  contactors,  the  movement  of  each  connecting  the 
operating  coil  of  the  succeeding  contactor  to  the  control  circuit. 
The  .contactors  are  energized  under  all  conditions  in  a  definite 
succession,  starting  with  the  motors  in  series  with  all  resistance 
in  circuit;  the  resistance  cut  out  step  by  step;  the  motors  then 
coimected  in  parallel  with  all  resistance  in,  and  the  resistance  again 
cut  out  step  by  step.  The  progression  can  be  arrested  at  any 
point,  however,  by  the  master  controller  and  is  never  beyond  the 
point  indicated  thereby.  The  rate  of  the  progression  is  governed 
by  the  current  limit  relay  so  that  the  advance  is  not  made  faster 
than  will  keep  the  current  in  the  motors  within  the  prescribed  limit. 
One  of  these  relays  is  provided  with  each  car  equipment  so  that 
while  the  contactors  on  each  car  of  a  train  are  controlled  from  the 
master  controller  in  use  for  the  application  and  removal  of  power, 
the  rate  of  progression  through  the  successive  steps  is  limited  by 
the  relay  on  each  car  independently,  according  to  the  adjustment 
and  current  reqmrements  of  that  particular  car.  Another  auto- 
matic protection  for  individual  cars  is  provided  by  a  second  or 
potential  relay  having  its  coil  connected  to  the  lead  from  the  col- 
lecting shoes  of  the  respective  car  and  its  contacts  so  connected 
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in  the  contactor  drcuits  that  in  case  of  failure  of  power  to  any 
car,  such  as  would  be  caused  by  passing  over  a  dead  section  of  rail, 
this  relay  is  de-energized  and  causes  the  control  circuits  on  that  car 
to  be  thrown  back  to  series  position  with  resistance  in,  and  when  - 


Li 
III 


power  is  restored  the  control  progresse*  step  by  step  to  its  former 
advanced  poation.  This  prevents  any  surging  or  overloading  in 
such  contingencies.  There  are  five  circuits  leading  from  the  master 
controller  and  five  corresponding  train  wires.    The  five  circuits 
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comprise  one  for  forward  direction,  one  for  reverse,  one  each  for 
series  and  parallel,  and  the  fifth  for  controlling  the  acceleration. 
When  the  master  controller  is  moved  to  its  first  forward  point, 
the  No.  4  direction  wire  is  energized.  This  throws  the  reverser  to  its 
forward  -position,  if  it  is  not  already  so  thrown.  The  reverser  is 
electrically  interlocked  so  that  it  cannot  be  thrown  when  the 
motors  are  taking  current.  The  operating  current  is  so  arranged 
that  unless  the  reverser  is  thrown  for  the  direction  of  car  movement 
indicated  by  the  master  controller  handle,  the  contactors  and  motors 
on  that  particular  car  are  inoperative.  When  the  reverser  has 
moved  to  the  proper  position,  connections  are  made  by  it  from  the 
direction  wire  through  the  forward  reverser  operating  coil  and  the 
coils  of  the  contactors  which  control  the  main  or  trolley  leads  to  the 
motors.  At  the  same  time  the  series-contactor  is  energized  by 
means  of  a  second  train  wire  and  the  circuit  through  the  motors 
in  series  is  cotmpleted  with  all  resistance  in  circuit,  giving  a  slow 
speed  forward.    In  this  x>osition  no  further  action  is  produced. 

When  the  master  controller  is  moved  to  its  second  forward  posi- 
tion, circuit  is  completed  through  the  accelerating  wire  (No.  i),  in 
addition  to  the  above  circuitsr  which  energizes  the  contactor  shunt- 
ing the  first  resistance  step,  and  current  also  passes  through  the  fine 
wire  coil  and  the  contacts  of  the  current  limit  relay.  The  plunger  in 
this  relay  has  a  lost  motion^^so  that  an  appreciable  time  is  required 
to  move  it,  and  this  time  is  made  the  same  as  that  required  by 
the  contactor  in  closing  its  contact.  These  two  devices  thus  operate 
simultaneously.  The  contactor  being  lifted,  shifts  its  operating  coil 
by  means  of  the  interlocking  switches  into  the  circuit  through  the 
series-contactor  above  mentioned,  which  maintains  it  in  the  closed 
position  independent  of  the  circuit  that  has  lifted  it.  At  the  same 
time  the  relay  has  opened  the  lifting  or  actuating  circuit.  The 
shunting  of  the  resistance  step  by  the  contactor  causes  an  in- 
creased cuiirent  to  flow  through  the  motor  circmt  and  through  the 
heavy  coil  of  the  relay,  which  is  sufiicient  to  hold  the  relay  plunger 
in  its  raised  position  and  so  keep  the  actuating  circuit  open  until 
the  motors,  by  speeding  up,  cause  the  current  to  diminish  enough 
to  allow  the  relay  plunger  to  drop  and  again  close  the  accelerating 
circuit.  Circuit  is  now  established  through  the  contactors  shunting 
the  second  resistance  step,  and  these  contactors  are  energized  and 
the  relay  again  lifted  and  held  up  by  the  increased  current  and  so  on 
until  all  the  resistance  is  cut  out. 

When  the  master  controller  is  moved  to  the  third  position  the 
parallel  circuit  is  established,  the  bridge-contactor  and  then  the 
parallel  contactors  closed  and  the  motors  connected  in  the  multiple 
arrangement.  When  the  master  controller  is  moved  to  its  fourth 
or  full-on  position,  the  resistance  is  cut  out  step  by  step  as  in  series. 

These  same  successive  actions  are  produced  if  the  master  control- 
ler is  thrown  to  the  full-on  position  directly,  as  the  interlocking 
contacts  prevent  an  advance  circuit  being  established  before  the 
proper  preliminary  action  has  taken  place. 

If  at  any  point  during  the  acceleration,  the  master  controller  is 
moved  to  its  lap  position,  the  existing  position  of  the  contactors  is 
maintained,  but  the  further  progression  is  arrested  so  that  the 
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motonnan  can  limit  the  acceleration  to  as  slow  a  rate  as  desired, 
but  he  cannot  exceed  the  predetermined  rate  for  which  the  relay  is 
adjusted. 

A  control  cut-out  switch  is  provided  in  each  car  so  that  in  an  emer- 
gency the  operating  coils  of  the  contactors,  reverser  and  circuit- 
breaker  on  a  particular  car  may  be  disconnected  from  the  control 
drcmt. 

It  is  necessary  to  positively  energize  two  distinct  train  wires  in 
order  to  operate  the  contactors  required  for  starting  the  motors. 

Three  separate  contactors  with  their  main  contacts  in  series  are 
used  for  completing  and  breaking  each  motor  unit. 

Several  small  fuses  are  provid^  in  the  control  circuit  for  effect- 
ively protecting  the  control  apparatus. 

Should  the  train  break  in  two,  the  control  current  is  automatically 
and  instantly  cut  off  from  the  detached  rear  portion  without  effect- 
ing the  ability  of  the  motorman  to  control  the  front  part  of  the  train. 

Control  for  1200-volt  motors  comprises  essentially  the  same  ar- 
rangement of  apparatus  as  described  for  600-volt  motors.  Almost 
of  such  equipments  must  operate  over  tracks  equipped  with  600-volt 
trolley  in  cities,  the  motors  are  wound  for  900  volts  and  connected 
permanently  two  in  series.  With  1 200  volts  there  is  the  possibility 
of  a  single  motor  receiving  practically  full  trolley  potential  if  its 
wheels  should  slip,  hence  the  method  used  of  winding  each  motor  for 
900  volts  with  Sufficient  margin  in  its  commutating  constants  to 
allow  momentary  impressed  1200  volts.  The  motors  being  con- 
nected two  in  series  for  1200-volt  operation  permits  operation 
with  all  motors  in  multiple  with  600  volts  trolley  potential, 
thus  giving  same  speed  of  car  at  600  and  1200  volts.  Such 
parallel  motor  connection  is  seldom  resorted  to  however  as  there 
seldom  exists  the  necessity  of  providing  equal  maximum  speeds 
on  1200-  and  600-volt  trolley  sections.  Keeping  two  motors 
permanently  connected  in  series  gives  about  half  speed  for  city 
running  and  this  relation  to  the  interurban  speeds  is  about  right. 
The  secondary  control  system  and  master  controller  are  the  same 
as  with  standard  600-volt  motors.  On  1200-volt  trolley  sections 
the  car  lamps  and  master  control  system  are  energized  by  a  dyna- 
motor  located  beneath  the  car  and  made  self  starting  like  an*  air 
compressor  motor.  The  air  compressor  motor  operates  from  the 
1200-volt  trolley  as  does  the  car  heating  system.  The  only  differ- 
ence in  1 200-  and  600-volt  train  control  systems  lies  therefore  in 
the  introduction  of  the  dynamotor,  and  the  operation  is  the  same  as 
described  for  600-volt  equipments. 

Operation  of  S.GJB.  Automatic  ControL  The  following  is  from 
a  paper  by  Mr.  F.  £.  Case,  Proceedings  A.E.R.E.A.,  1908. 
(References  are  to  Fig.  26.) 

First  Forward  Position  of  Controller.  With  the  master  controller 
on  first  position  forward,  current  flows  from  T  through  wire  4  to 
reverser  coil  through  5^4  to  groimd  G.  This  throws  the  reverser 
to  the  proper  position,  if  it  has  not  been  left  there  by  previous 
operation.  The  reverser  in  throwing  over  connects  wire  4  by  $B 
through  coils  Li  and  L2  to  ground.  Current  also  flows  through 
wires  2^,  2B  and  2C  to  coil  S  and  wires  2l>,  2£,  2F,  2G  and  2H 
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to  ground.  The  small  double  circles  in  the  circuit  represent  re- 
sistances which  have  an  approximate  value  equal  to  that  of  the 
contactor  coil.  These  circuits  operate  the  necessary  contactors 
for  connecting  the  motors  in  series  with  all  the  starting  resistance 
in.  The  h'ne  relay  is  closed  as  it  is  connected  across  the  motors. 
Second  Forward  Position,  When  the  master  controller  is  moved 
to  the  second  position,  the  control  current  flows  through  wire  i, 
current  limit  relay,  wires  ii4 ,  iB,  iC,  coil  RR4  to  2E,  etc.,  to  ground. 
The  RR4  contactor  and  relay  dose  simultaneously.  As  the  con- 
tactor closes,  the  contact  between  2K  and  iC  wires  is  made  previous 
to  the  contact  between  2D  and  2E  being  broken,  and  also  just  before 
the  relay  contact  is  opened.    The  circuit  through  coil  S  then  passes 
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FiG.  26. — Control  circuit  connections,  S.G.E.  automatic  control. 

from  wire  2D  through  27,  2K,  iC,  coil  RR/^j  2E,  etc.,  to  ground. 
The  motor  current  flowing  through  the  heavy  coil  of  the  relay  being 
increased  by  closing  RR4  is  sufficient  to  hold  the  relay  plunger,  just 
lifted Jl>y  No.  i  wire  circuit  and  keep  its  contacts  open.  After  the 
motor  current  has  dropped  a  predetermined  amount,  due  to  increase 
of  motor  speed,  the  relay  plunger  drops  and  the  control  circuit 
contacts  are  again  closed.  Current  then  flows  through  wires  ii4, 
iB,  i/>,  i£,  coil  R-it  2F,  etc:,  to  ground.  This  closes  R-i  con- 
tactor and  its  interlocks  shift  the  coil  into  the  circuit  from  2E, 
placing  it  in  series  with  S  and  RR-4  and  the  relay  repeats  its 
previous  performance.  On  the  next  two  steps  the  i?-2,  i^k-2,  -R-3, 
RR-$  coils  are  energized  in  the  same  manner.  When  R-4  contactor 
closes  on  the  last  step,  the  control  current  flows  through  wires  iJB, 
iD,  \L,  iMj  coil  B  to  G.  The  2C  wire  is  opened  when  contactor  B 
closes  and  contactor  S  and  the  resistance  contactors  are  permitted 
to  open.  The  "bridge"  contactor  B  is  kept 'closed  by  the  current 
passing  through  the  2B  and  iM  wires. 
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Third  Forward  Position,  In  the  tiiird  position  of  the  master 
controller  an  additional  circuit  is  made  through  wires  3,  3^,  3-B, 
coils  ikf-i  and  Jf-2,  wires  25,  2£,  etc.,  to  ground.  When  closing 
M-2  contactor  opens  the  circuit  of  the  "bridge"  contactor  B  and 
M'l  contactor  closes  the  circuit  from  2- A  to  3B,  thereby  keeping 
M-i  and  M'2  contactors  closed.  The  motors  are  now  connected 
in  parallel  with  full  resistance  in  circuit. 

Fourth  Forward  Position.  In  the  fourth  position  of  the  master 
controller  current  flows  through  wire  i  and  the  current  relay  and 
the  resistance  contactors  are  operated  in  the  same  manner  as  in 
series,  but  not  in  the  same  order.  Current  flows  through  lA,  iD 
and  lEy  coil  ^-i,  wire  2F,  etc.,  to  G,  thereby  operating  R-i  contactor 
first  in  parallel.  After  R-i  contactor  has  operated,  J?-2,  RR'2,  R-Sj 
RR-S  and  R-4.  are  closed  in  the  order  given.  After  R'4  contactor 
has  closed,  the  current  passes  through  iD  wire  through  iX,  iB  and 
iC,  coil  RR-4j  2-E,  i£,  coil  i?-i,  etc.,  to  ground  and  RR-4  con- 
tactor is,  therefore,  the  last  one  to  close. 

Operation  at  Red'uced .  Rate.  When  it  is  desired  to  notch  up 
slower  than  the  normal  rate  the  master  controller  handle  is  brought 
to  the  first  point  and  the  car  slowly  started.  To  secure  a  slight 
increase  in  speed  the  handle  is  turned  to  the  second  point  and 
returned  quickly  to  the  first.  This  operation  will  lift  the  current 
limit  relay  and  the  contactor  for  the  second  step,  but,  as  it  cuts  off 
the  Ufting  circuit,  no  more  contactors  will  be  closed  until  the 
movement  is  repeated.  This  method  of  operation  can  be  followed 
until  all  resistance  contactors  are  closed  and  fuU  series  is  reached. 
If  desired  to  cut  out  the  resistance  slowly  in  parallel,  also,  the 
controller  handle  is  then  brought  to  the  third  point  and  the  motors 
will  be  connected  in  parallel  with  all  resistance  in.  By  turning  to 
the  fourth  point  and  back  quickly  to  the  third,  a  similar  operation 
to  that  in  series  will  result. 

Westinghouse  Multiple-unit  Control 

Classification  According  to  Source  of  Current  Supply  for  Valve 
Magnets.  In  the  Westinghouse  multiple-unit  control  the  two 
classes  (automatic  acceleration  and  hand-operated  acceleration) 
each  may  be  again  divided  according  to  the  source  of  current  supply 
for  the  valve  magnets.  That  is,  the  source  of  this  current  may  be 
the  line  or  a  storage  battery. 

Hand-controlled  Acceleration  Current  -for  Control  Circuits  Taken 
from  Line.  The  system  of  multiple-unit  control  having  hand-con- 
trolled acceleration  and  taking  current  for  the  control  circuits  from 
the  line  is  the  simplest  type  and  is  in  most  general  use  on  interurban 
and  city  surface  Imes  for  both  train  and  single  car  operati(m.  It 
is  known  as  type  HL.  It  is  in  effect  the  same  as  the  hand- 
operated  dnun  tyi>e  of  control,  except  that  instead  of  combining 
all  the  various  circuit-breaking  contacts  upon  a  single  drum, 
operated  by  hand,  it  divides  these  contacts  into  separate  con- 
tactors and  actuates  these  by  means  of  compressed  air  taken 
from  the  air-brake  reservoirs  and  controlled  by  magnet  valves  and 
train  lines  wires  from  a  small  master  controller. 
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This  S3r8tem  is  made  up  of  two  general  parts,  namely,  the  auxiliary 
control  system  and  the  motor  control  system. 

Auxiliary  Control  System.  The  auMliary  control  system  com- 
prises a  set  of  train  wires,  a  control  resistance,  electrically  operated 
valves  operating  the  pneimiatic  unit  switches,  a  master  controller 
and  auxiliary  protective  devices.  Current  for  the  control  circuits 
is  taken  directly  from  the  trolley  or  third  rail  through  the  master 
controller  to  the  control  resistance,  the  latter  being  arranged  with 
low  voltage  taps  for  the  valve  magnet  circuits. 

Master  Controller,  The  master  controller  is  similar  in  design 
to  the  original  drum  controller  in  that  it  contains  a  movable  cylinder 
and  stationary  contact  fingers  are  used  to  supply  current  in  proper 
sequence  to  the  different  wires  o[  the  train  line  for  energizing  the 
operating  coils  of  the  motor  control.  The  value  of  the  current 
required  is  very  small,  not  exceeding  ^  amperes  for  each  car  in 
the  train.  The  master  controller  is  provided  with  two  handles,  one 
for  operating  and  one  for  reversing  the  direction  of  train  movement. 

Reverse  Handle.  The  reverse  handle  of  the  master  controller 
is  connected  to  a  separate  drum  which  establishes  control  connec- 
tions for  throwing  the  electro-pneumatically  operated  reverser  to 
either  the  forward  or  reverse  position  when  the  main  master  control- 
ler handle  is  moved  to  the  ix^t  accelerating  notch.  The  control 
circuits  of  the  reverser  are  so  interlocked  that  unless  the  reverser 
itself  corresponds  to  the  direction  of  the  movement  indicated 
by  the  position  of  the  reverse  handle  of  the  master  controller,  the 
unit  switches  on  that  car  cannot  be  energised. 

Control  Coupler.  Train  line  jumpers  between  cars  are  so  designed 
as  to  give'  a  corresponding  connection  of  train  wires,  this  being 
secured  by  proper  mechamcal  design  of  receptacles  and  jumper 
heads  so  that  it  is  impossible  to  improperly  insert  the  jumper  in 
the  receptacle. 

Contactors  or  "  Unit  Switches"  These  are  placed  in  a  group,  being 
assembled  on  a  common  frame  and  placed  In  a  box  beneath  the 
car.  The  imit  switch  constitutes  a  circuit- breaker  having 
a  fixed  and  movable  contact  and  provided  with  a  magnetic  blowout, 
the  movable  finger  being  actuated  by  an  air  cylinder  energized  from 
the  brake  reservoir  and  controlled  by  a  magnet  valve  connected 
electrically  to  the  train  wire  system.  The  switch  finger  is  normally 
held  open  by  a  spring,  which  is  compressed  on  closing  the  switch 
by  reason  of  the  greater  force  of  the  compressed  air  at  70  lb.  pressure 
or  more.  The  high  pressure  used  in  closing  the  switch  is  also 
made  use  of  to  reduce  the  contact  resistance,  hence  reducing  the 
heating  and  the  size  of  the  switch  contacts. 

Reverser.  The  reverse  switch  or  reverser  consists  of  an  insidated 
drum  canying  two  sets  of  contacts  arranged  to  make  contact  with 
stationary  fingers  when  operated  forward  and  backward  by  a  pair 
of  pneumatically  operat^  pistons  actuated  through  electrically 
operated  valves  by  the  auxiliary  or  master  controller.  No  magnetic 
blowout  is  required  as  the  reverser  does  not  operate  when  carrying 
current  on  accoimt  of  a  mechanicaiinterlocking  between  the  main 
and  reverse  drums  of  the  master  controller.  This  reverser  switch 
is  enclosed  in  a  sheet-iron  box  placed  beneath  the  car. 
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Overload  Trip.    An  overload  trip  is  motinted  on  one  end  of  the 
box  containing  the  unit  switches.    It  is  actuated  by  the  magnetic 
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Pio.  37.—- Sequence  of  connections,  Westinghouse  H.  L.  control  (continued 

on  opposite  page). 

blowout  coil  at  that  end  of  the  group  of  switches  and  arranged 
to  open  the  control  circuits  of  several  switches  ahead  of  the  motors 


WESTINGHOUSE  MULTIPLE-UNIT  CONTROL    366 


and  main  circuit  resistance  when  an  excessive  overload  on  the 
motors  occurs. 

Control  and  Reset  Switch,    The  control  and  reset  switch  is  a 
small  single^le  double-throw  canopy  switch  used  for  disconnecting 
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Fig.  27  (Continued). — Sequence  of  coxuiections,  Westinghouse 

HL  control. 

the  control  circuits  from  the  line  and  closing  the  control  circuit  to 
the  reset  coil  of  the  overload  trip,  which  can  thus  be  reset  from  the 
car  idatform. 
Met0r  Cut-out  Switches.    The  motor  cutH>ut  ewitcb^  ^pn$ist  o{ 
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knife  switches  arranged  in  a  manner  amilar  to  those  on  a  hand  or 
drum  controller  and  are  mounted  in  a  weather-proof  box  on  one  end 
of  the  switch  group. 

Control  Resistance.     The  control  resistance  consists  of  a  nuiaber 
of  flattened  tubes  wound  with  resistance  ribbon  and  supported  in 
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aa  iroa-clad  frame  with  all  live  parts  protected  from  the  weather. 
The  several  tulies  are  connected  in  series  for  the  fuli  trolley  voltage 
and  low  voltage  taps  are  taken  o5  for  the  magnet  valve  circuits. 

Fig.  2  7  shows  the  sequence  of  connections  for  HL  control,  giv- 
jng  the  sequence  of  the  closing  of  the  contactors  and  illustrat- 
ing a  method  of  arranging  tbrmain  circuit  resistance  by  which  five 
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e  steps  ate  secured  by  the  use  of  (our  cc 
28  shows  the  main  and  control  circuits  for  a  double  equipment  of 
60-h.p.  motors  with  HL  control,  using  an  eight-switch  group. 
Fig.  19  gives  the  wiring  for  an  equipment  of  four  g»-h.p.  motors 


Two  o£  the  contactors  are  provided  with  estra  long  arcing  boxes 
and  are  used  as  circuit-breakers.  These  are  mounted  in  a  separate 
boK  together  with  the  overload  trip,  which  opens  them  in  case  of  an 
overload  or  a  ground  on  the  motor  circuits. 
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Long  experience  has  indicated  that  the  current-carrying  capacity, 
reliability  and  low  maintenance  of  the  multiple-unit  t3rpe  of  con- 
troller is  due  to  the  very  high  pressures  obtained  at  the  current- 
carrying  contacts.  The  pressure  on  the  contact  is  many  times 
greater  than  in  an  or^nary  drum  controller. 

Westinghouse  Automatic  Multiple-umt  Control 

Westinghouse  automatic  multiple-unit  control  differs  from  the 
hand-operated  type  in  that  the  acceleration  of  the  motors  is  made 
on  a  predetermined  current  which  is  governed  by  the  control 
interlocks  on  the  various  contactors  and  the  setting  of  a  current 
limit  switch  in  the  motor  circuits,  instead  of  being  entirely  under  the 
control  of  the  operator. 

Master  CotUroUer,  The  master  controller  is  normally  in  the 
central  position  iind  completes  a  circuit  which  energizes  the 
emergency  train  brake  magnet  valve,  releasing  the  air  from  the 
train  pipe  and  setting  the  brakes.  Whenever  the  master  controller 
handle  is  returned  to  the  central  position,  which  it  does  auto- 
matically if  the  operator's  hand  be  removed,  it  open-circuits  the 
current  supply  and  sets  the  brakes,  bringing  the  train  to  rest,  hence 
constituting  a  safety  device  to  take  care  of  possible  physical  failure 
of  the  motorman. 

The  master  controller  has  only  four  notches  and  the  scheme  of 
operation  consists  of  the  following  progression:  The  first  notch 
is  a  coasting  position  of  the  controller,  as  this  position  opens  all 
motor  switches  but  does  not  apply  the  air  brakes. 

The  second  notch  or  switching  position  establishes  connection 
with  the  train  line  so  that  the  reversing  switch  is  closed  and  the  unit 
switch  group  closes  the  circuit  to  the  motors  with  all  resistance  in. 

The  third  notch  or  full  series  position  of  the  master  controller 
handle  introduces  the  current  hmiting  relay  which  permits  the 
progressive  picking  up  of  the  several  unit  switches  as  the  current 
falls  below  a  predetermined  value.  With  the  controller  handle 
upon  the  third  notch  no  further  progression  is  made  after  the 
current  relay  has  permitted  the  closing  of  the  proper  unit  switches 
to  effect  full  series  position  connection  of  the  motors  with  starting 
resistance  entirely  cut  out. 

The  fourth  notch  on  the  master  controUer  corresponds  to  multiple 
connection  and  advancing  to  this  position  establishes  multiple 
connection  of  the  motors  and  again  brings  the  current  relay  into 
activity,  permitting  the  progressive  cutting  out  of  multiple  starting 
resistance  until  full  multiple  operation  with  full-line  voltage  upon 
the  motors  is  attained. 

Moving  the  master  controller  handle  to  similar  notches  on  the 
opposite  side  of  the  center  notch  will  effect  the  samf  combinations, 
but  with  the  train  operating  the  opposite  direction. 

Unit  Switches,  The  group  of  contactors  is  similar  to  that  used 
in  the  hand-operated  type  of  multiple-unit  control  with  the  addi- 
tion of  interlocks  mounted  on  the  contactors.  These  consist  of 
copper  contacts  sliding  on  spring  contact  fingers,  which  are  elec- 
trically connected  to  the  magnet  valves  in  such  a  manner  that  the 
closing  of  one  energizes  the  valve  magnet  of  the  switch  next  sue- 
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feeding,  thus  producing  on  automatic  progressive  action,  providing 
for  uniform  acceleration  with  practically  constant  motor  current. 
Seriei  Limit  Relay  or  Limit  Smilch.  Tbe  series  limit  relay  or 
limit  switch  regulates  the  feeding  of  the  control  current  to  the 
magnet  coils  of  the  accelerating  unit  switches.  It  consists  of 
a  magnet  coil  connected  in  series  with  the  fliotors  and  in  which 
(uierates  a  plunger  terminating  in  a  disk  which  closes  the  control 
circuit    to    the    magnet  coils  whenever  the  motor   current    falls 


below  a  predetermined   value.     This  switch  used  ii 

with  the  control  interlock  switches  oi  the  contactor  group,  pennits 

the  progressive  cutting  out  of  starting  resistance. 

Lint  Relay.  The  line  relay  consists  of  a  coil  connected  between 
the  line  and  the  ground  and  provided  with  a  plunger,  to  wliich  is 
attached  a  contact  disk.  When  the  line  voltage  is  available,  the 
coil  of  the  line  relay  is  energized,  lifting  the  plunger  aod  causing  the 
contact  disk  to  dose  a  circuit  across  a  pair  of  contacts.  These 
Si 
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contacts  are  directly  in  series  with  the  auxiliary  control  circuit  of 
certain  contactors,  and  hence,  if  the  line  current  fails  for  any 
cause,  this  auxiliary  contact  is  opened,  thus  opening  the  main 
power  circuits.  Should  the  line  switch  be  opened  or  should 
the  current  be  cut  off  from  the  line  for  any  reason,  the 
plunger  of  the  line  relays  drops,  the  auxiliary  control  circuit 
is  opened  and  all  the  contactors  are  opened.  This  arrange- 
ment prevents  the  motors  being  held  across  the  line  subject  to 
damage  should -the  line  current  be  suddenly  resumed  after  the 
train  has  lost  its  speed.  When  the  contactors  are  opened 
by  the  temporary  cutting  off  of  the  control  current  for  any 
reason  when  the  master  controller  handle  is  partially  or  wholly 
notched  up,  the  limit  relay  governs  the  progressive  reclosing  of 
these  switches. 

Fig.  30  shows  the  main  and  control  circuit  connections  for  a 
quadruple  equipment  of  600-volt  75-h.p.  motors  arranged  for 
automatic  acceleration  with  hne  current  on  auxiliary  control 
circuits.    This  is  known  as  the  type  AL. 

Battery  Control.  Battery  control  may  be  either  the  hand-oper- 
ated or  automatic  type.  The  former,  is  known  as  tjrpe  HB  and 
the  latter  as  type  AB.  When  a  battery  is  used  to  supply  the  aux- 
iliary control  current  for  multiple  unit  control,  the  control  resist- 
ance is  replaced  by  a  storage  battery,  supplying  current  at  from 
14  to  32  volts.  On  account  of  the  low  voltage  used,  a  plug  switch  • 
replaces  the  canopy  type  control  and  reset  switch  used  on  line  cur- 
rent control  equipments  and  the  insulation  of  the  entire  auxiliary  con- 
trol circuit  can  be  greatly  reduced.  Battery  current  for  the  auxiliary 
control  circuits  is  particularly  adaptable  to  high  voltage  systems, 
either  alternating  current  or  direct  current,  on  account  of  the  elimi- 
nation of  the  high  voltage  from  the  master  controller.  This  type  of 
control  is  also  advantageously  employed  on  elevated  and  subway 
systems,  and  in  trunk  line  service,  where  close  headway  between 
trains  is .  essential.  The  use  of  a  low  voltage  control  which  is 
independent  of  the  line  voltage  eliminates  various  causes  for  incorrect 
operation,  making  this  type  of  control  particularly  applicable  for 
this  class  of  service.  The  storage  battery  used  for  the  control  can 
also  be  used  for  emergency  lighting,  as  well  as  for  signal  and 
brake  systems.  In  large  systems,  where  storage  batteries  can 
be  economically  maintained,  the  benefits  of  a  low  voltage  control 
system  are  taost  evident.  Unless  it  is  desired  to  charge  the 
storage  battery  from  an  outside  source  at  the  end  of  a  run,  it 
can  be  automatically  charged  from  the  line  on  a  direct-current 
system  or  by  a  small  motor-generator  set  on  an  alternating-cur- 
rent system,  the  amount  of  charge  being  regulated  by  means 
of  an  adjustable  battery  charging  resistance  $tnd  a  battery 
charging  relay. 

Fig.  31  shows  the  main  and  control  circuit  connection  for  a  double 
equipment  of  1 75-h.p.  single-phase  alternating-current  motors 
and  type  AB  control  for  operation  on  a  system  employing  11,000 
volts  on  the  trolley. 

Control  for  1200-Yolt  and  1600»Tolt  Direct-current  Motors 
consists  of  essentially  the  same  as  that  used  for  600-volt  motors. 
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Pig.  31.— Scheme  of  circuits  for  Westinghouse  automatic  multiple-unit  con- 
trol, battery  current  operation,  two  alternating-current  motors. 
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Since  most  of  these  equipments  must  operate  on  6oo-v<dt  tr<dlnr 
through  dtjes,  the  motors  are  wound  for  an  impTessed  vol- 
tage of  600  or  750  volts  and  connected  two  in  series.  The 
contactors  in  the  motor  control  circuit  are  arranged  to  give 
twice  as  many  breads  in  series  when  opening  the  motor  circuit  as 
are  secured  on  6co-volt  control,  thus  divicUng  up  the  arcs  and 
greatly  reducing  wear  on  switch  contacts.    When  1 300-volt  motors 


are  operated  a 
the   time,  it  i: 

equipment  for  changing  the  motor  connections  so  as  to  give 
full  speed  on  half  normal  hne  voltage.  Where  half  normal  spe«I  is 
sufficient  nhen  operating  on  600  volts,  the  motors  are  left  perma- 
nently cormected  in  series. 

The  current  for  the  auxiliary  control  drcuits  for  a  1200-volt 
system  may  be  taken  from  a  i  zoo-volt  control  resistance  in  the  same 
manner  as  for  a  600-volt  sj^tem  with  low  voltage  taps  tor  the  valve 
magnet  or  contactor  circuits,  or  a  continuous  running  dynamotor 
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at  600 
-       -  This 

dynamotor  ia  also  arranged  to  drive  the  air  compressor,  being 
equipped  witb  an  air-controUer  dutch,  which,  automatically  con- 
nects and  disconnects  the  compressor  when  the  main  reservoir  air 
pressure  falls  below  or  rises  above  cert^n  predetermined  values- 
Fig.  31  shows  the  main  and  control  circuit  wiring  for  a  quad- 
ruple equipment  of  laoo-volt  40-h.p.  motors  with  straight  laoo-volt 
type  HL  control. 

WMttnghoasa  PK  Control 
_  Main  Controller.  The  Westinghouae  type  PK  controller  con- 
^ts  of  a  mechanically  operated  drum  type  controller  whose  opera- 
tion is  controUed  by  a  master  controller,  line  switch  and  current 
limiting  switch.  The  drum  type  controller  originally  intended  for 
hand  operation  may  be  placed  beneath  the  car  and  used  as  the  main 
controller  In  the  PK  system.  The  mechanism  which  operates  the 
main  cuttroUer  drum  (see  Fig.  33)  Is  mounted  on  a  base  which  takes 


FlO.  33. — Wadnghouse  PK  control,  opeiatiog  Riecbuibin. 

the  place  of  the  usual  controller  case  top.  This  consist  s  of  a  pair 
of  cylinders  whose  coromon  piston  rod  carries  a  rack  which  meshes 
with  a  pinion  on  the  shaft  of  the  main  controller  drum.  Valves 
admitting  compressed  ait  to  and  from  these  cylinders  are  con- 
trolled by  magnets.  When  the  "on"  valve  magnet  is  energized, 
compressed  air  is  admitted  to  the  "on"  cylinder,  and  when  the 
"off  valve  magnet  is  energized,  air  is  released  from  the  "off" 
cylinder.  When  both  of  these  magnets  are  energized,  the  main 
drum  is  moved  in  a  clockwise  direction  and  when  both  of  them  are 
de-energized,  this  drum  is  moved  in  a  counter-clockwise  direction. 
It,  during  clockwise  motion  of  the  drum,  the  "off"  valve  magnet 
only  be  de-energized,  the  motion  of  the  drum  will  stop.  In  order 
that  the  main  controller  drum  will  stop  at  the  notches,  an  auidliary 
control  or  interlock  drum  having  points  corresponding  to  those 
of  the  main  drum  is  keyed  to  the  sbaft  of  the  main  drum.     This 
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interlock  diuni  breaks  the  control  circuit  of  the  "off"  valve  magnet. 
Each  notch  is  controlled  by  a  separate  control  wire  energized 
from  the  master  controller. 

Reverser.  The  common  piston  rod  of  two  opposed  cylinders  is 
linked  to  a  lever  on  the  reverser  drum  shaft.  Motion  of  the  re- 
verser dnim  is  secured  by  admitting  compressed  air  to  one  or  the 
other  of  these  cylinders. 

Main.  Control  Circuits.  Fig.  34  shows  the  main  control  dr- 
cuils  for  a  two-motor  field-control  equipment.  The  making  and 
breaking  of  the  main  circuit  is  done  by  an  elect  ropneumatic  line 
switch.  An  overload  trip  protects  against  overload  and  short 
circuit.  The  "off"  position^of  the  main  cwittoUer  corresponds  to 
the  first  notch  on  the  master  controller.     There  are  four  series 


Fig.  34. — Scheme  of  circuits.  Westinghouse  PK  control. 

and  four  parallel  notches  on  the  main  controller  drum.  •  Notches 
2  and  3  cut  out  resistance  steps  in  the  series  position  and  notches 
6  and  7  cut  out  resistance  steps  in  the  parallel  portion.  Notch 
4  (series)  and  notch  3  (parallel)  change  from  full-field  to  short- 


Masler  Controller.  The  master  contrrfler  has  two  handles,  the 
main  handle  and  'the  reverser  handle.  If  the  motorman  releases 
the  main  handle  when  it  is  not  in  the  "off"  position,. power  will 
be  automatically  cut  off  and  the  brakes  applied.  The  emergency 
brake  application  may  be  prevented  in  the  "off"  position  by  mov- 
ing the  reverse  handle  to  neutral.  A  sliding  contact  (Fig.  35) 
dainped  around  the  shaft  of  the  main  drum  of  tiie  master  controller 
is  allowed  by  a  stop  to  turn  through  an  angular  distance  corre' 
spending  to  one  notch  of  the  main  drum,  but  during  the  test  ol  the 
movement  it  is  held  stationary.  By  this  arrangement  the  control 
circuit  for  the  line  switch  is  established  as  the  master  controller  is 
moved  toward  the  "on"  position,  but  a  backward  movement  of  the 
master  controller  handle  opens  the  circuit  and  drops  out  the  line 
switch.  Thus  there  is  no  arcing  on  the  main  controller  dnun  in 
returning  toward  the  "off"  position. 

Master  Conlrel  Circuits.  (Fig.  35.)  On  the  first  notch  of  tha 
rnaster  controller,  wire  i  Is  energized  from  6,  which  is  the  positive 
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side  of  the  control  circuit.  Wires  F  and  R  axe  energized  from  tlie 
wire  o,  which  is  the  negative  side  of  the  control  circuit.  Wire  i 
is  interlocked  through  the  main  controller  drum  in  the  first  posi- 
tion, to  wire  13,  to  the  line  switch  valve  magnets,  to  the  return 
circuit  through  wire  10,  which  is  interlocked  through  the  reverse 
dnim  to  wire  F  or  R,  and  then  through  the  reverse  drums  and 
sliding  contacts  on  the  master  controller  to  the  negative  sideof  the 
control  circuit.  As  soon  as  the  line  switch  closes,  wire  13  is  con- 
nected to  wire  i,  which  establishes  a  holding  circuit.  Current 
through  wire  t  also  energizes  the  "on"  valve  magnet  wliich  is 
connected  directly  to  the  first  position  until  the  master  controller  is 
thrown  to  the  "oB"  position.    On  the  second  notch  at  the  master 


Fic.  3S-— Ciicnit  diagram,  Westinghouae  PK  master  controller. 

controller,  wire  2  is  energiied,  and  the  current  goes  directly  to  the 
auxilisry  interlocking  drum  on  the  main  controller,  which  energizes 
the  "o£F"  valve  magnet  through  wire  14  and  the  limit  switch  to  the 
"off"  valve  magnet  coil,  and  returning  to  the  negative  side  of  the 
line  through  wire  10.  This  releases  the  air  from  the  "off"  cylinder, 
and  the  "on"  valve  magnetising  already  energized,  tie  main  con- 
tnrfler  drum  moves  toward  the  second  position.  Just  before  it 
reaches  the  second  position,  the  current  in  wire  2  is  interrupted  on 
the  auxiliary  control  drum  thus  de-energizing  the  "off"  valve  mag- 
net which  instantly  establishes  equal  pressure  in  both  cylinders,  stop- 
ping the  main  drum  on  the  second  position.  The  control  wires 
3  and  4  operate  in  a  similar  manner,  and  control  the  resistance  and 
tield  notches  in  series  as  well  as  in  multiple.  The  P  wire  when  en- 
er^zed  operates  the  main  controller  drum  from  the  series  to  the 
multiple  position. 

AufomaHc  Acceleration.     The  master  controller  handle  may  be 
thrown  directly  to  the  full  parallel  position  and  a  rate  of  accdera- 


376  ELECTRIC  RAILWAY  HANDBOOK 

tion  will  be  maintained  as  predetermined  by  the  setting  of  the 
current  limit  relay. 

Source  of  Power  for  Control  Circuits,  Power  for  operating  the 
control  circuits  may  be  obtained  from  a  storage  battery  or  from 
the  trolley  through  a  control  resistance. 

Field  Control 

Method.  Field  control  is  practicable  with  commutating-pole 
motors.  The  field  winding  of  a  motor  with  which  field  control 
is  to  be  used  is  (ordinarily)  divided  into  two  parts.  When  these  two 
parts  are  connected  together  in  series,  a  strong  field  and  therefore 
low  speed  is  obtained.  For  a  higher  speed  a  weaker  field  is  secured 
by  cutting  one  part  of  the  field  winding  entirely  out  of  the  circuit. 
By  this  arrangement  there  are  two  series  running  positions  and  two 
parallel  running  positions,  thus  making  four  running  positions  where, 
without  field  control,  there  would  be  but  two.  The  ordinary  drum 
type  of  controller  may  be  arranged  to  make  the  necessary  connec- 
tions for  field  control  or  multiple^unit  control  may  be  adopted 
by  the  use  of  extra  switches  in  the  motor  controller  or  by  the  addi- 
tion of  a  field  change-over  switch  similar  to  the  reverser  switch. 
(See  Fig.  34.) 

Range  of  Speed  Covered  by  Field  Control.  An  article  by  Mr. 
N.  W.  Storer,  Electric  Railway  Journal,  19 13,  states  that  the 
range  of  speed  that  may  be  covered  by  car  field-control  equip- 
ments is  usually  from  15  to  25  per  cent.,  which  may  be  secured 
by  cutting  out  20  to  40  per  cent,  of  the  field  turns.  This 
article  also  states  that  it  will  generally  be  found  most  econom- 
ical to  have  the  speed  of  the  motor  with  the  short  field  20  to 
25  per  cent,  higher  than  with  the  full  field.  The  extent  to  which 
field  control  may  be  carried  depends  largely  on  the  average  voltage 
between  commutator  bars.  With  a  comparatively  high  average 
voltage  between  adjacent  commutator  bars  the  weakening  of  the  field 
may  not  be  carried  so  far  without  materially  affecting  conunutation 
as  may  be  with  a  low  average  voltage  between  bars  or,  in  general, 
of  two  motors  wound  for  the  same  voltage,  the  one  having  the 
greater  number  of  commutator  bars  will  commutate  satisfactorily 
over  the  greater  range  with  field  control.  On  the  Pennsylvania 
locomotives  the  field  turns  are  reduced  50  per  cent,  in  three  steps 
on  the  controller  and  there  are  eight  running  notches. 

Advai^tages  of  Field  ControL  Advantages  gained  through  the 
use  of  field  control  may  be  outlined  as  follows:  A  saving  in  energy 
is  brought  about,  motors  equipped  with  field  control  will  operate 
satisfactorily  in  both  city  and  interurban  service,  a  smaller  motor 
may  be  used  for  a  given  service,  more  running  speeds  are  made 
possible,  and  where  service  is  infrequent  and  where  field  control  is 
used,  maximum  power  requirements  are  reduced. 

Energy  Saving.  The  full  field  is  used  during  the  straight  line 
acceleration  period  and  the  field  control  is  used  instead  of  the  last 
resistance  step,  thus  the  control  resistance  is  cut  out  at  a  compara- 
tively .low  speed  and  a  saving  in  rheostatic  losses  is  thereby  brought 
about.  By  the  field  control  the  train  may  be  brought  to  the  same 
maximum  speed  as  would  be  attained  without  field  control,  con- 
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sequently,  braking  losses  need  not  be  increased.  The  following 
data  are  from  a  table  of  a  series  of  tests  made  Qn  cars  of  the  Metro- 
politan Street  Railway  Co.,  New  York: 


Test 
No. 

Weight  of 

loaded 
car,  tons 

Gear 
ratio 

Stops 

mile 

Slow- 
downs 
per 
mile 

Average 

length 

of  stop, 

seconds 

Schedule 
speed, 
miles 

per  hour 

Watt-hours 
per  ton 

mile 

2 

4 

19,729 
19,714 

5.12 
5.12 

6.778 
^.881 

3.08 
3.56 

7.76s 
•7.33s 

7.261 
7.409 

141.63 
124.41 

The  number  of  stops  per  mile  and  the  other  service  conditions  were 
practically  the  same  in  both  tests,  but  in  test  No.  4  f  uU  use  was  made 
of  field  control  in  both  series  and  parallel;  40-h.p.  motors  were  used 
in  both  cases.  A  comparison  of  the  watt-hours  per  ton  mile  shows  a 
saving  in  energy  of  12.2  per  cent,  by  field-control.  A  paper  by  Mr. 
J.  L.  Davis  before  the  Wisconsin  Electrical  Association,  191 2, 
states  that  exhaustive  tests  on  a  two-motor  field  control  equipment 
in  congested  dty  service  showed  a  saving  of  12.5  per  cent,  in  energy 
consumption,  or  a  saving  of  $75  to  $100  per  car  per  year  over  a 
similar  equipment  without  field  control.  An  article  by  Mr.  N.  W. 
Storer,  Electric  Railway  Journal,  1913,  states  a  belief  that  in  most 
classes  of  service  the  use  of  properly  designed  field-control  equip- 
ment will  effect  a  saving  of  not  less  than  10  per  cent,  in  the  energy 
consumed  in  operating  cars.  An  article  by  Mr.  J.  L.  Davis,  Elec- 
tric Journal,  1910,  states  that  the  loss  during  acceleration  of  the 
Pennsylvania  locomotives  is  only  55  per  cent,  of  what  it  would  be 
without  field  control. 

City  and  laterorbon  Service.  With  field  control  a  motor  may  be 
given  such  a  high  gear  ratio  that  when  operating  on  full  field  a 
sufficiently  high  rate  of  acceleration  and  economical  operation  is 
secured  in  dty  service,  while  the  same  equipment  run  on  short 
field  will  give  a  satisfactory  speed  in  intenirban  service. 

Adaptation  of  Field  Control  to  Existing  Motors.  The  following 
pcnnts  on  the  adaptation  of  field  control  to  existing  equipments 
are  from  an  artide  by  Mr.  N.  W.  Storer,  Electric  Railway  Journal, 
1913.  In  most  cases  it  is  imp>06sible  to  adapt  fidd  control  to  dty 
service  and  effect  any  considerable  economy.  This  is  espedally 
the  case  where  the  motors  are  already  provided  with  the  maximum 
gear  reduction.  In  such  a  case  the  possibility  for  saving  is  very 
limited  since  the  standard  motors  are  usually  worked  at  a  fairly 
high  induction  at  notmal  accelerating  iosEds  and  the  induction  can 
be  increased  very  little  by  the  addition  of  extra  turns  on  the  field 
coil.  There  will,  therefore,  be  very  little  decrease  in  the  accderat- 
ing  current  and -a  correspondingly  small  decrease  in  speed.  Con- 
sequently, the  saving  in  rheostatic  losses  would  be  very  small  and 
not  enough  to  pay  for  a  change  in  the  equipments.  The  use  of 
fewer  turns  on  the  field  for  obtaining  higher  speed  would  be  of  no 
advantage  whatever  where  the  equipment  is  already  geared  for  speed 
as  high  as  is  required.  To  get  the  advantage  from  field  control  in 
slow  city  service,  motors  must  be  wound  for  dower  armature  speed 
than  is  ordinarily  used  for  standard  motors.  This  will  in  most 
cases  require  new  armature  windings.    Where  interpole  motors 
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are  now  used  with  large  pinions  the  advantages  of  field  control 
can  be  secured  in  most  cases  by  an  increase  of  the  gear  reduction^ 
a  change  in  the  field  winding  and  by  making  the  necessary  changes 
in  the  control  equipment.  These  changes  in  most  cases  cost  so 
much  as  to  be  prohibitive  unless  made  at  a  time  when  gears 
are  to  be  changed  and  motors  overhauled.  It  should  be  kept  in 
mind,  however,  when  new  equipments  are  bought  and  when  all 
the  advantages  may  be  secured  at  a  minimum  cost. 

Field  control  with  non-commutating-pole  motors  cannot  be 
recommended,  as  it  will  result  in  most  cases  in  trouble  with 
commutation. 

Any  well-designed  commutating-pole  railway  motor  may  be 
adapted  for  field  control  by  a  proper  arrangement  of  its  field  wind^ 
ings.  To  get  the  full  benefits,  however,  the  gears  must  be  proporly 
selected.  For  interurban  work  the  benefits  of  field  control  may 
be  secured  by  the  use  of  standard  high-speed  armatures  with  a 
larger  gear  reduction  than  usual.  In  most  cases,  also,  sufficient 
space  is  available  to  permit  the  extra  field  winding  to  be  used. 
Special  armatures  for  use  with  field  control  are  necessary  only  for 
cases  where  the  slowest  speeds  and  the  maximum  gear  ratio  are 
required.  It  will  usually  be  found  that  where  a  motor  of  a  given 
size  is  used  in  city  service  with  the  maximum  gear  reduction  and  the 
usual  series-parallel  ^control  a  slower  speed  armature  may  be  used 
with  the  same  motor  frame  and  will  make  the  same  schedule  with 
a  lower  energy  consumption  when  field  control  is  employed. 

The  motor  will  have  a  lower  horse-power  rating,  but  the  current 
used  will  be  correspondingly  less,  and,  consequently,  the  motor 
will  have  no  more  loss  in  it  than  with  the  motor  of  higher  speed 
with  a  larger  rating.  In  other  words,  the  use  of  field  control  permits 
the  use  of  a  motor  of  a  smaller  rating  for  a  given  service.  Where 
the  maximum  gear  ratio  is  used  in  both  cases,  the  same  size  of 
frame  must  be  used.  However,  where  the  gear  reduction  can  be 
increased  for  the  field-control  motor  it  will  frequently  be  found 
that  a  smaller  size  of  motor  can  be  used  at  a  lower  first  cost  and 
with  less -weight  to  be  carried  around.  A  double  saving  will  thus 
be  effected. 

Single-phase  Series  Motor  Control 

The  single-phase  series  motor  is  controlled  by  adjusting   the 

electromotive  force  applied  to  the  motor. 
The  three  methods  of  making  this  adjust- 
ment are:  (i)  By  resistance  in  series  as 
in  ordinary  direct-current  series  motor 
control.  (2)  By  compensator.  {3)  By 
induction  regulator.  The  latter  two  are 
more  efficient  than  the  first  because  by 
their  use  the  heavy  resistance  losses 
which  would  occur  in  the  resistcnrs  by  the 
former  method  are  saved.  The  second  is 
a  widely  used  method  and  is  generally 
Pig.  36.— Tap  control  for  known  as  the  tap  potential  control  (see 
A.C.  motors.  Fig.  36)  and  the  function  of  the  Qontrol, 
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whether  it  be  hand-operated  K  type  or  multiple  unit,  is  to  suc- 
cessively connect  the  motor  terminals  to  transformer  taps  of  in- 
creasing potential  while  starting. 

Hand-operated  Control.  The  hand-operated  control  is  identical 
with  the  type  K  controller  used  with  direct-current  motors, 
except  that  advantage  is  taken  of  the  fact  that  alternating-current 
arcs  of  considerable  size  can  be  broken  in  the  air  without  the  aid 
of  the  magnetic  blowout.  Where  the  cars  are  to  be  operated  from 
both  alternating-current  and  direct-current  trolley  with  the  same 
'equipment,  the  hand-operated  control  is  provided  with  magnetic 
blowout  for  direct-current  running,  using  tne  same  controller  with- 
out Uie  magnetic  blowout  for  alternating-current  running,  unless 
the  motor  equipment  be  of  large  capacity. 

Compensator.  The  compensator  or  single-coil  step-down  trans- 
former is  wound  for  3000,  6000  or  10,000  volts  trolley  potential. 
Upon  its  grounded  side  there  are  several  taps  brought  out  to 
facilitate  starting,  and  it  is  customary  to  connect  two  motors  in 
series  when  operating  alternating  current  in  order  to  approximate 
500  volts  input  and  thus  reduce  the  size  of  the  contact  surface  re- 
quired in  contactors.  The  compensator  is  encased  in  a  corrugated 
iron  case  containing  oil  and  is  seif-cooled.  Owing  to  the  fact 
that  the  alternating-current  motor  characteristic  is  more  drooping 
than  that  of  the  direct-current  series  motor,  fewer  starting  points  are 
required  for  alternating-current  control.  The  General  Electric 
Company  uses  five  steps  when  the  speed  does  not  exceed  40  to  45 
miles  per  hour  maximum.  As  each  point  ^i 
on  the  controller  with  potential  tap  control  ' 
constitutes  a  running  point  at  full  efficiency, 
it  is  not  necessary  to  use  series-parallel  con- 
nection of  motors  as  is  done  with  direct- 
current  motors.  If  while  passing  from  one 
compensator  tap  to  the  next  without  open- 
ing the  circuit  the  gap  were  bridged  by  a  ^ 
connection  of  very  low  impedance,  a  heavy  1 5! 
current  would  flow  in  the  portion  of  the  ii\ 
compensator  winding  thus  short-circuited.  » 
To  hold  this  current  at  a  low  value  an  in- 
ductance  or  a  non-inductive  resistance  for  A.(?.'-mS^?s?°^«J 
(termed,  in  this  apphcation,  preventive  preventive  coils. 
inductance  and  preventive  resistance,  re- 
spectively) is  placed  in  the  circuit.  Fig.  37  shows  the  application 
of  the  inductance  (preventive  coil). 

Reversing.  Reversal  is  effected  by  reversing  the  series  field 
windings  as  in  direct-current  control. 

Power  Operated  ControL  The  master  controller  is  similar  to  the 
direct-current  master  controller.  Its  office  is  to  energize  the  train 
wires  in  proper  sequence.  Current  of  proper  potential  is  obtained 
from  transformer  taps. 

The  contactor  is  similar  to  the  direct-current  contactor,  except 
that  it  is  designed  for  operation  on  both  alternating  current  and 
direct  current,  and  therefore  has  its  magnetic  parts  laminated. 
These  contactors  connect  the  motors  with  transformer  taps  or  with 
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starting  re^stance  grids,  depending  upon  the  character  of   the 

supply  current. 
Combined  Altemating-  and  Diiect-Current  Control.     (Fig.  $8.) 

Owing  to  the  fact  tliat  altemating-cuTrent  series  motors  are  wound 

foe  poteuliala  of  approximately  325  volts  per  motor,  and  that  such 
motors  in  order  to  meet  the  ex- 
actions of  commercial  operation 


some  additional  features  in  control  are  required  to  perform  this 
double  service  of  alternating-current  and  direct-current  control. 
When  both  alternating-current  and  direct-current  running  are  to  be 
accomplished  with  the  same  control  it  is  necessary  to  effect  the 
following  changes  when  changing  from  alternating  cuirent  to  direct 

Change  main  line  fuses  or  ci 
Chartge  lightning  arresters. 
Change  motor  field- winding 

Change  transformer  taps  to 

Incidental  changes  in  car-wiring 
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To  effect  these  changes-with  a  minimum  amount  of  delay,  all  the 
necessary  contacts  are  concentrated  upon  one  cylinder  in  an 
auxiliary  controller,  so  that  a  single  movement  will  effect  all  changes 
simultaneously. 

Retaining  Coil,  In  changing  from  alternating-current  to  direct- 
current  troUey  and  vice  versa,  it  is  necessary  to  guard  against  the 
possibility  of  wrong  connections  upon  the  car  for  the  current 
received^  that  is,  to  prevent  disaster  should  connections  be  made  for 
6oo-volt  direct-current  operation  and  accidental  contact  be  made 
with  high  voltage  alternating  trolley.  To  guard  against  this,  the 
main  switch  of  the  direct-current,  alternating-current  car  equipment 
is  provided  with  a  retaining  coil  so  designed  that  it  will  open  when 
the  motor  current  is  interrupted.  Where  alternating-current  and 
direct-current  trolley  sections  adjoin,  a  dead  section  is  left  between 
the  two  for  a  length  not  exceeding  a  car  length,  so  that  a  car  may 
pass  from  one  section  to  the  other  at  full  speed,  in  which  case  the 
nudn  car  switch  opens  on  the  dead  section  through  lack  of  power  to 
operate  the  retaimng  coil,  and  will  reset  automatically  for  alternat- 
ing-current or  direct-current  operation  as  the  case  may  be,  after 
leaving  the  dead  section. 

Connections  to  Air  Compressor,  The  air  compressor  is  geared 
to  a  single-phase  motor  wound  for  operation  with  500  volts  alternat- 
ing current  or  direct  current,  and  it  is  customary  to  wind  the  motor 
fields  in  two  parts  connected  in  multiple  for  alternating-current  and 
in  series  for  direct-current  running,  these  changes  being  effected 
through  the  medium  of  the  commutating  switch. 

Inductioii  Regulator.  *  Due  to  great  weig^,  low  power  factor  and 
lack  of  simplicity  as  compared  with  the  tap  potential  method,  the 

induction  regulator  method  is  at  a 
disadvantage  in  controlling  alternating- 
current  traction  motors.  The  induc- 
tion regulator  is  a  special  type  of  trans- 
|)0— I  fci^  ^^^  former,  so  arranged  that  one  winding 
I  >0 — ^-'TJCOOT^— n  may  be  adjusted  relative  to  the  other, 

|jC>    1-^^  Onwn   mechanically.     It  is  commonly  built 

{ —     ^T^^w         VL— J    jjjjg  an  induction  motor  having  a  coil- 
wound  rotor  and  a  very  short  air  gap 
which  is  permitted  since  there  is  little 
motion   and  negligible  bearing  wear. 
Fig.  39.-2-In<luction  regula-    The   rotor  winding  is  generally  the 
tor  control.  primary.     The  primary  is  connected 

across  suitable  taps  of  the  transformer,  and  the  secondary,  in 
series  with  the  motor,  is  also  connected  across  suitable  trans- 
former taps  (see  Fig.  39).  The  electromotive  force  induced  in 
the  secondary  of  the  regulator  due  to  the  current  in  the  primary 
may  be  adjusted  by  turning  the  coils  relative  to  each  other,  and 
it  may  be  made  to  buck  or  boost  the  electromotive  force  applied 
to  the  motor,  from  the  transformer  directly,  by  any  amount  within 
the  range  of  the  regulator.  Thus  the  net  electromotive  force  applied 
at  the  motor  terminals  is  adjusted.  On  the  single-phase  loco- 
motive of  the  Dessau-Bitterfeld  line  of  the  Prussian-Hessian  State 
Railway  gradual  change  of  voltage  is  obtained  by  means  of  an 
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induction  regulator  which  covers  a  range  of  one  step  on  the  main 
transformer.  The  first  position  of  this  regulator  lowers  the  trans- 
former voltage  by  one-half  step.  On  turning  the  induction  regu- 
lator the  voltage  reduction  gradually  drops  to  zero;  that  is  to  say, 
the  resultant  voltage  is  the  mean  value  between  the  two  succes^ve 
transformer  taps.  As  the  turning  is  continued  the  regulator  de- 
livers a  rising  additional  voltage  which  gradually  reaches  the  value 
of  one-half  step  and  thus  equals  the  next  higher  step  on  the  trans- 
former. In  this  way  the  voltage  changes  from  step  to  step  are 
made  without  shock.  The  switching  from  one  step  of  a  transformer 
to  the  next  is  automatically  obtained  by  means  of  a  switch  which  is 
coupled  to  the  induction  regulator.  The  small  single-phase  motor 
which  is  used  for  turning  the  induction  regulator  is  cut  out  auto- 
matically as  soon  as  the  voltage  of  the  traction  motor  has  reached 
its  highest  or  lowest  value  as  the  case  may  be.  This  small  motor 
and  the  various  contactors  in  the  motor  circuit  are  operated  by  low 
voltage  current  taken  from  the  main  transformer. 

Three-phase  Induction  Motor  Control 

The  three  general  methods  of  controlling  the  speed  of  a  three- 
phase  induction  motor  are  (i)  rheostatic;  (?)  changing  the  number 
of  primary  poles;  (3)  cascade  operation.  The  first  method  is  used 
in  connection  with  the  other  two,  at  least  during  the  straight  line 
acceleration  period. 

Reversing.  A  three-phase  induction  motor  may  be  reversed  by 
interchanging  two  of  the  three  leads  which  supply  the  energy  to 
the  primary  windings  of  the  motor. 

Rheostatic  ControL  In  this  method  the  proper  tractive  effort 
during  the  straight  line  acceleration  period  is  secured  by  add- 
ing resistance  to  the  secondary  winding  of  the  induction  motor. 
For  railway  work  the  windings  of  the  secondary  are  brought  out  to 
slip  rings  and  the  added  resistance  in  the  form  of  grids  or  liquid  is 
external  to  the  motor  circuit.  The  grid  resistance  is  cut  out  in 
steps  as  the  motor  speeds  up  and  is  short-circuited  at  the  last  step. 
Where  liquid  resistance  is  used,  its  value  is  reduced  steadily,  thus 
securing  a  steady  acceleraUon.  The  electrodes  which  dip  into  the 
liquid  are  held  stationary  and  in  the  process  of  reducing  the  re- 
sistance, the  level  of  the  liquid  is  raised  by  compressed  air,  the 
influx  of  which  is  regulated  by  an  air  valve  controlled  by  a  magnet 
in  the  motor  circuit.  Finally  the  resistance  is  automatically  short- 
circuited  by  a  switch  governed  by  a  float.  To  return  the  resistance 
to  its  starring  value  the  liquid  is  depressed  by  air  pressure.  Ordi- 
narily the  secondary  winding  of  the  motor  is  three-phase;  the  ex- 
ternal control  resistance  is  star  connected  and  is  customarily  kept 
balanced  throughout  adjustment.  With  a  view,  however,  to  simpli- 
fying apparatus  this  external  resistance  is  somerimes  unbalanced. 
Such  unbalancing  is  used  in  the  control  of  the  four  motors  which 
drive  each  of  the  11 5- ton  locomotives  operating  through  the 
Cascade  Mountain  tunnel  on  the  Great  Northern  Railway.  Each 
motor  is  three-phase,  25-cycle,  500- volt,  475-h.p.  with  a  gear  ratio 
4.26  driving  60-in.  wheels.  The  following,  relative  to  this  par- 
ticular installation,  is  from  a  paper  by  Dr.  Cary  T.  Hutchinson, 


INDUCTION  MOTOR  CONTROL  383 

A.I.E.E.,  1909:  "The  control  system  of  each  motor  is  separate; 
the  circuits  branch  from  the  transformer  and  are  independent 
through  the  resistance.    There  are  14  contactors  in  each  motor 

circuit,  56  in  all Iron  grid  resistances  are  provided  for 

each  motor;  there  are  thirteen  steps  in  the  control,  but  in  order  to 
reduce  the  number  of  contactors  to  the  lowest  possible  point  an 
unsymmetrical  system  is  used.  A  change  is  made  in  the  resistance 
of  one  phase  only,  in  passing  from  step  to  step.  This  arrangement 
in  effect  treats  the  three-phase  circuit  as  a  single-phase  circuit;  on 
each  step  of  the  control  the  torque  is  the  average  of  the  three 
values  of  the  torque  of  the  separate  circuits.  The  principal  advan- 
tage of  this  is  that  56  contactors  do  the  work  that  would  otherwise 
require  128,  thus  effecting  a  great  gain  in  the  simplicity  of  tKe 
control  apparatus.'' 

Because  of  the  resistance  loss  in  the  added  external  resistance  in 
the  secondary  circuit  the  rheostatic  method  of  induction  motor  con- 
trol is  inefficient.  The  net  mechanical  energy  output  of  the  motor 
is  equal  to  the  energy  input  to  the  secondary  of  the  motor,  diminished 
by  this  secondary  copper  loss  at  that  instant. 

Changing  the  Number  of  Primary  Poles.  (See  page  368  for  a 
method  of  determining  synchronous  speed.)  A  motor  may  be 
arranged  so  that  the  number  of  its  primary  poles  may  be  changed, 
thus  giving  more  than  one  efficient  running  speed.  The  number  of 
poles  may  be  changed  by  re-grouping  the  coils  of  the  motor  pri- 
mary winding  or  by  using  an  independent  primary  winding  for 
each  number  of  poles  desired.  The  re-grouping  method  is  generally 
preferable  because  in  its  application  all  the  motor  primary  wind- 
ings are  used. 

Cascade  Operation  (Also  referred  to  as  Tandem  Control  or  Con- 
catenatton).  A  great  many  variations  are  possible  in  concatena- 
tion. In  railway  work  two  motors  are  used.  Two  motors  may  be 
operated  in  direct  concatenation  to  give  half  speed  and  then 
operated  in  parallel  to  give  full  speed  and  the  advantages  thus 
gained  will  be  analogous  to  those  gained  in  series-parallel  control 
of  direct-current  motors.  Concerning  concatenation  the  following 
useful  comparison  is  drawn  by  Mr.  B.  G.  Lamme,  Electric  Journal, 
1909: "  This  corresponds  to  two  or  more  direct-current  shunt  motors 
with  their  armatures  connected  in  series.  If  both  armatures  are 
wound  for  equal  speeds,  then  the  tandem  or  series  connections 
give  half  speed,  as  with  the  alternating-current  motor.  If  one 
direct-current  armature  is  wound  for  a  higher  speed  than  the  other, 
which  corresponds  to  two  alternating-current  motors  with  different 
numbers  of  poles,  then  four  speeds  may  be  obtained  corresponding 
to  the  windings  connected  cumulatively,  differentially  and  to  each 
motor  used  separately.  This  corresponds  to  the  four  speeds  of  the 
alternating-current  combination  where  two  motors  have  different 
numbers  of  poles  and  are  connected  in  tandem  to  give  speeds  corre- 
sponding to  the  sum  or  difference  of  the  number  of  poles  or  are 
operated  separately." 

For  concatenation  of  two  motors  for  railway  service,  the  rotors 
of  the  motors  are  mechanically  connected,  the  primary  of  the  first 
motor  is  connected  to  the  supply,  the  secondary  of  the  first  motor 
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insure  a  good  contact.  Feel  tension  on  each  finger,  and  renew 
if  finger  has  been  heated  and  softened.  Make  sure  that  each  finger 
will  make  square  and  firm  contact  with  segments.  Wipe  off  all 
segment  blocks,  and  if  there  is  any  indication  of  shorting  across 
between  segments  remove  segment  block  and  replace  with  one 
that  has  been  cleaned  up  and  varnished.  Throw  rocker  by  hand 
a  few  times  to  see  that  Uie  fingers  will  not  catch.  Throw  reverser 
electrically  a  few  times  to  see  that  it  throws  with  strength  and 
promptness  without  undue  arcing  and  without  rebound.  When 
reverse  finger  is  not  making  good  contact  it  can  sometimes  be 
detected  by  tapping  the  finger  with  a  screw-driver  handle  or  by 
placing  a  thin  strip  of  paper  between  the  finger  and  the  contact 
and  noting  the  way  the  paper  pulls. 

Overhauling  Type   M   Multiple-uiut    Control   Apparatus 

Overhauling  should  be  on  a  60,000-mile  basis  as  follows: 
All  coils  removed  from  the  contactor,  reverser  and  circuit-breaker; 
boxes  thoroughly  cleaned  and  painted  with  an  insulating  paint. 
Interior  of  boxes  cleaned  and  painted;  contact  strips  between  coil 
frames  inspected  for  loose  contacts;  all  working  parts  thoroughly 
inspected  and  worn  parts  replaced  when  necessary;  wires  inside 
of  contact  box  thoroughly  painted  and  when  reassembled  given  an 
insulation  test  of  1500  volts  alternating  current.  It  would  then 
seem  that  periodical  inspections  on  a  basis  of  from  600  to  900 
miles  of  service  would  be  satisfactory. 

The  following  points  are  suggested  as  requiring  attention  at 
such  times.  Examine  for  broken  shunt  straps  and  broken  hinge 
pins.  See  that  interlocks  are  properly  adjusted  and  that  small 
arcs  do  not  form  between  the  fingers  and  disks,  thereby  burning 
finger  and  disk,  which  woiild  eventually  cause  a  defective  contact 
at  this  point  and  a  dead  car.  Clean  the  disk  and  finger  with  fine 
emery  cloth.  Keep  the  arc  chutes  and  plates  dear  of  all  copper 
caused  by  contactors  breaking  current.  See  that  all  connections 
are  tight.  See  that  springs  are  not  broken  and  are  in  good  order 
insuring  good  contact  when  closed.  See  that  plungers  do  not 
bind  and  that  contactors  break  free  when  the  current  is  thrown 
off.  Contact  plates  should  not  be  worn  so  low  that  screws  hcAd- 
ing  them  are  burned.  Blow  out  contactor  box  with  compressed 
air.  Note  condition  of  wiring  in  the  box.  Clean  the  master  con- 
trol cylinder  and  use  a  small  amount  of  vaseline  on  the  fingers. 
See  that  the  handle  is  of  proper  fit  and  works  perfectly  free.  The 
adjustment  of  controller  should  be  looked  after  very  carefiilly,  as 
there  are  no  adjustment  screws  on  the  contact  fingers.  Note  con- 
dition of  throttle.  Clean  throttle  disks  and  fingers  and  see  that 
adjustment  nuts  are  not  loose.  Do  not  clean  throttle  plunger  un- 
less it  shows  signs  of  sluggishness.  Great  care  must  be  taken  when 
cleaning  plunger.  Clean  reverser  and  note  adjustment  and  condi- 
tion of  plates  and  fingers  and  that  the  reverse  throws  in  properly. 
Use  no  oil  or  grease  on  contactor  or  reverser  finger  or  plates.  A 
great  deal  depends  on  the  close  adjustment  of  interlocks.  All 
bearings  on  contactors  and  interlocks  must  be  made  loose. 
When  a  contactor  box  becomes  coated  inside  with  a  yellow  coating 
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caused  by  the  burning  of  copper,  short  circuits  are  very  likely  to 
occur  if  this  is  not  cleaned  off. 

Overhauling  Electropneumatic  Control  Apparatus.  Overhauling 
should  be  on  a  60,000-niile  basis  as  follows: 

Clean  the  drum  and  adjust  fingers  of  master  switch;  inspect  cab 
switch  terminals  and  see  that  they  are  held  rigidly  and  no  strands  of 
wire  are  broken.  Repair,  clean  and  carefully  adjust  Hne  relay, 
limit  switch  and  battery  relay.  Limit  switch  should  be  adjusted 
with  ammeter.  Take  apart,  dean,  scrape  and  «hellac  drums  of 
motor  cut-out  switch  and  reverser;  r^lace  any  parts  that  will  not 
make  the  mileage  and  adjust  the  miger  tension.  Strip  switch 
groups  of  all  magnets,  switch  arms  and  moving  parts,  replace 
worn  parts  when  necessary.  Replace  worn  or  broken  arc  shields; 
adjust  all  magnet  valves  to  operate  at  proper  voltage;  replace 
defective  shunts;  adjust  and  clean  all  interlocks  and  interlock 
fingers;  examine  all  insulation  and  make  as  good  as  new;  examine 
piston  leathers  and  see  that  they  are  flexible  and  replace  those  badly 
worn.  Storage  batteries  should  be  cleaned  of  sediment  and  add 
strength  adjusted.  Grid  diverters  should  be  deaned,  the  insula- 
tion renewed  where  necessary,  and  all  connections  tightened. 
Control  jumpers  should  be  tested  by  passing  7  amperes  of 
current  through  them  for  3  minutes,  at  the  same  time^ving 
jumper  the  same  motion  that  it  has  when  in  service.  Clean  and 
adjust  drcuit-breaker;  thoroughly  blow  out  all  piping  and  air 
chambers  connected  with  the  control. 

On  short  period  inspection  the  following  is  the  practice  on  a  road 
having  inspection  periods  based  on  a  600-mile  service. 

Master  Switch,    Clean  and  lubricate  every  tenth  inspection. 

Cab  Switches,    Inspect  terminals  every  inspection  day. 

Close  jaws  of  cab  switch  to  fit  tight  each  inspection  day. 

Litie  Relay  and  Limit  Switches.  Clean  with  crocus  cloth  each 
tenth  inspection.    Inspect  connections  each  inspection  day. 

Motor  Cut-off  Switch  and  Reverser.  Inspect  finger  tension  and 
oil  drum  contactor  each  second  inspection  and  feel  the  terminals 
to  see  if  the  wires  are  O.K. 

Inspect  interlocks  each  twdfth  inspection. 

Oil  reverser  switch  toggle  each  tenth  inspection. 

Circuit-breaker  and  Switch  Group.  Clean  armature  and  valves 
each  tenth  inspection.  Inspect  contacts  each  inspection  day. 
Clean  arc  chutes  each  inspection  day.  Blow  out  with  compressed 
air  all  switches  and  grid  diverters  each  third  inspection.  Inspect 
all  grid  diverter  connections  and  oil  all  pistons  each  inspection 
day,  see  that  all  terminals  are  tight  and  inspect  wires.  Wipe  off 
insulators.  Inspect  shunts  and  battery  connections  each  inspec- 
tion day.  Add  distilled  water  to  take  care  of  evaporation  when 
necessary.  Test  spedfic  gravity  each  thirtieth  inspection  day. 
Test  batteiy  relay  and  itaspect  terminals  of  battery  switches  each 
inspection  day. 

Cost  of  Maintenance  and  Inspection  of  Multiple-tinit  Control 
Apparatus.  The  following  is  from  the  191 2  report  of  the  Joint 
Committee  on  Train  Operation,  A.E.R.E.A.:  "In  determining 
the  figures  for  the  cost  of  maintenance  for  control  and  miscellaneous 
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electric  apparatus,  the  Committee  encountered  the  greatest  diffi- 
culty, particularly  in  the  maintenance  where  multiple-unit  control 
is  involved,  and  after  looking  over  the  figures  obtained  from  com- 
panies using  multiple  unit,  the  Committee  came  to  the  conclusion 
that  there  was  no  actual  comparable  data  on  which  they  could 
base  the  maintenance  figures  for  this  type  6f  controL  After  a 
large  amount  of  time  was  consumed  in  the  discussion  of  this  subject, 
the  Committee  decided,  in  conjunction  with  representatives  of 
the  manufacturers,  that  an  increase  of  50  per  cent,  be  made  for 
the  maintenance  of  multiple-unit  control  over  that  of  K  control, 
these  figures  applying  to  congested  city  service.  The  manufac- 
turers do  not  admit  that  maintenance  of  multiple-unit  control  will 
be  50  per  cent,  over  that  of  K  control,  but  this  is  a  comparatively 
small  percentage  of  the  total." 

Cost  of  Maintenance  per  1000  Car  Miles  of  Multiple-unit  Control 
Apparatus.    The  following  are  from  the  Question  Box,  Aera,  191 2: 

Wm.  G,  Gove,  Supt,  of  Equipment^  Brooklyn  Rapid  Transit 
System,  Brooklyn,  N.Y. 

Total  cost  of  maintaining  multiple-unit  control 

apparatus,  fiscal  year  1911-12 S54i068.33 

Total  car  mileage,  fiscal  year  191Z-12 34.0781709-00 

Cost  per  car  mile $0. 00158 

Of  the  928  cars  included  in  the  above,  660  of  these  are  motor  cars 
and  268  are  trailer  cars.  The  above  costs  include  the  maintenance 
of  the  actual  control  equipments,  as  well  as  car  wiring,  resistance, 
etc.,  but  do  not  include  the  train  line  or  bus  line  jumpers,  the 
maintenance  of  these  being  charged  to  Operation.  I  might  add 
that  the  cars  equipped  with  the  multiple-imit  control  system  are 
operated  on  our  elevated  lines. 

E,  F.  Gould,  Asst,  to  Gen.  Mgr.,  Aurora,  Elgin  and  Chicago 
Electric  Railroad  Co.,  Wheaton,  III.  Cost  of  maintenance  per 
1000  car  miles  of  multiple-unit  control  apparatus: 

Fiscal  year  1910-1 1 $0 .  857 

Fiscal  year  1911-12 '. 0.841 

Control  consists  of  one  G  E  type  M,  electrically  operated  reverser 
and  13  electrically  operated  contactors  for  each  pair  of  GE-66  motors. 
Some  of  the  cars  have  two-motor  equipments  and  some  four-motor 
equipments,  but  the  following  table  is  on  the  basis  of  two  motors 
with  one  set  of  contactors  and  reverser  forming  one  equipment. 

Age  op  Equipment 

20  equipments 10  years 

28  equipments 9-  years 

16  equipments 5  years 

14  equipments 3  years 

3  equipments i  year. 

Total,  eighty  equipments  in  service  on  forty-seven  motor  cars. 
In  addition  there  are  eight  trail  cars  each  equipped  with  two  C-21 
controllers,  bus  line  and  control  line  coupler  with  cables.  The  costs 
given  include  all  maintenance  costs  with  C-21  master  controllers, 
of  which  there  are  two  on  every  car,  also  on  the  bus  and  train  line 
sockets,  and  jumpers  with  fuses  and  connection  boxes,  but  no  wiring. 
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X.  M,  Clark,  Master  Mechanic,  Terre  Haute,  Indianapolis  £r 
Eastern  Traction  Co.,  Indianapolis,  Ind,  Our  maintenance  cost 
per  looo  car  miles  for  Westinghouse  Unit  Switch  Control  of  the 
AB  or  automatic-battery  type,  based  on  the  record  of  the  6  months 
ending  June  30,  191 2,  is  $1,243.  '^^^  figure  includes  all  labor  and 
material  involved  in  the  maintenance  of  the  control  apparatus, 
including  the  grid  resistors  and  control  cables,  comprising  fifteen 
quadruple  equipments  of  90-h.p.  motors  operating  m  high-speed 
interurban  service  for  a  total  period  of  6  years.  We  consider  this 
cost  somewhat  high,  which  is  attributable  to  the  labor  costs  inci- 
dental to  the  comparatively  small  number  of  equipments,  as  our 
present  facilities  are  capable  of  taking  care  of  approximately  twice 
the  number. 

Wear  oi  Multiple-tinit  Switch  Fingers.  In  an  article  by  Mr. 
Clement  F.  Street,  Electrical  Journal,  1906,  it  is  stated  that  multiple- 
unit  switch  fingers  have  been  subjected  to  most  severe  tests  and 
several  of  them  have  broken  the  current  to  which  they  are  subjected 
in  service  one  hundred  thousand  times  without  being  worn  out. 


SECTION  VI 

CURREWT-COLLECTING-  DEVICES 

Composition  of  Trolley  Wheels.  (A.E.R.E.A.,  Miscellaneous 
Methods  and  Practices.)  There  seems  to  be  no  good  reason  for  a 
different  quality  of  bronze  for  wheels  in  city  service  from  those  in  in- 
terurban  service.    Among  the  formulas  submitted  are  the  following : 

Per  cent.  Per  cent.  Per  cent.  Per  cent. 

Copper. .  90 .  o       copper  . .  91.0     copper. . .    91 . 38    copper 96 . 0 

Tin 8.0        tin 7.0      tin 6.5      tin 3.0 

Zinc 2.0        zinc 1.5      zinc 2.0       phosphor  tin  . .     i .  0 

flux 0.5      lead 0.12 

Trolley  Wheel  Bushings  and  Lubrication.  For  both  city  and 
interurban  service  the  bronze  and  graphite  bushing  is  in  almost 
universal  use,  the  graphite  lubricant  being  supplemented  by  a*  few 
drops  of  oil  from  a  squirt  can  at  each  inspection. 

T^es  of  Trolley  Wheels,  City  Service,  The  wheel  principally 
used  on  the  larger  city  systems  runs  to  fairly  uniform  practice, 
being  4H  in.  outside  diameter,  with  a  H-in.  V  groove,  iH  by  H 
in.  bronze  and  graphite  bushing,  and  weighing  from  2  to  4  lb. 
Some  wheels  as  small  as  4  in.  outside  diameter  are  in  use,  but  these 
show  materially  shorter  life  than  wheels  454  in.  or  larger.  For 
city  service  a  wheel  of  not  less  than  4H  in.  outside  diameter  is 
recommended  as  the  best  practice.  The  use  of  a  ij4  by  H 
in.  bushing  is  the  practice  of  a  large  majority  of  city  roads.  There 
does  not  seem  to  be  much  tendency  toward  a  bushing  longer  than 
i\^  in.,  probably  because  such  a  bushing  would  require  a  wider  harp, 
which  would  be  more  likely  to  damage  the  overhead  line  particu- 
larly at  special  work  if  the  trolley  should  jump.  It  is  recommended 
that  where  the  trolley  wheel  axle  is  H-in.  diameter  by  iH-in.  length 
in  hub  proves  to  be  too  small  for  the  service  required  of  it,  its 
diameter  be  increased  rather  than  its  length. 

Inierurhan  Service,  Data  on  interurban  trolley  wheels  show  a 
rather  wider  diversity  of  practice  than  for  city  wheels  the  outside 
diameter  varying  from  4^  to  8^  in.  In  general,  the  larger  the 
diameter  of  the  wheel  used,  the  better  the  mileage  performance 
shown.  Excessive  weight  of  wheel  is  regarded  as  an  element  of 
danger,  and  it  is  recommended  that  no  trolley  wheel  weigh  more 
than  5  lb.  Also,  that  the  weight  of  harps  equipped  with  trolley 
axles,  contact  springs,  washers,  etc.,  complete,  does  not  exceed  3  lb. 
each,  and  further  the  outside  diameter  of  trolley  wheel  be  not 
less  than  6  in.  Trolley  wheels  for  intemrban  service'  having 
axles  H  by  iH  in.  are  not  regarded  as  the  best  practice,  and  in 
view  of  performance  of  wheels  with  axles  K-in.  to  i-in.  diameter, 
showing  mileage  from  5000  to  7500,  it  is  recommended  that  for 
interurban  service  an  axle  of  not  less  than  H-in.  diameter  be  used. 
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The  necessity  of  an  absolute  balance  of  wheeHor  high-speed  service 
is  emphasized,  and  as  a  simple  test  for  balance  on  commercial  wheels 
it  is  suggested  that  wheels  to  be  tested  be  mounted  in  harps  and 
the  wheel  held  against  a  rapidly  moving  belt.  If  the  balance  be 
even  slightly  imperfect,  it  will  be  found  impossible  to  hold  the  wheel 
against  the  belt.  It  is  not  recommended  that  an  extreme  type  of 
interurban  wheel  be  used  on  a  dty  car  or  vice  versa,  but  where  a 
considerable  number  of  both  interurban  and  dty  cars  are  operated 
by  the  same  company  it  has  been  found  desirable,  in  some  cases, 
to  standardize  on  the  same  harp  and  wheel  for  all  cars;  when  this 
is  done  new  wheels  are  given  their  first  wear  on  the  high-speed  inter- 
urban cars,  and  when  partly  worn  and  in  need  of  re-bushing  are 
re-bushed  and  worn  out  on  the  dty  lines. 

A  different  opinion  is  given  by  Mr.  John  LindaU,  Superintendent 
of  Rolling  Stock  and  Shops,  Boston  Elevated  Railway  Co.:  "I 
do  not,  however,  agree  on  the  suggestion  with  reference  to 
troUey  wheels,  that  it  is  economical  to  increase  the  life  of  trolley 
wheels  by  using  them  of  large  diameter  on  suburban  lines  and  later 
transferring  them  to  dty  lines.  From  experience  on  our  Unes,  I 
am  of  the  opinion  that  in  order  to  maintain  perfect  contact  between 
trolley  wheel  and  wire,  it  is  very  desirable  to  make  the  wheel  and 
outer  end  of  pole  as  light  as  possible,  and  on  some  of  our  heaviest 
and  fastest  equipment  we  have  been  able  to  obtain  better  service 
from  a  4-in.  wheel  than  we  have  from  larger  wheels  of  the  same  com- 
position, and  it  may  not  be  out  of  place  to  call  attention  at  this  time 
to  the  desirability  of  having  a  certain  amount  of  spring  in  the  trolley 
pole  where  this  can  be  obtained  without  interference  with  trolley 
wire  at  low  points,  as  a  pole  yrith.  considerable  spring  will  absorb 
shocks  and  more  readily  respond  to  inequalities  (both  vertical  and 
horizontal)  in  wire." 

Life  of  Trolley  Wheels.  The  troUe}^  whed  of  the  Indianapolis 
Traction  and  Terminal  Co.  is  6  in.  in  diameter.  The  hub  is  iH  in. 
long,  I  ^  in.  in  diameter  and  the  bore  is  H  in.  Its  composition  is 
88  per  cent,  copper,  10  per  cent,  tin  and  2  per  cent,  of  a  trade  fluxing 
material.  Its  Ufe  varies  from  an  average  of  about  4200  miles  in 
high  speed  interurban  service  on  45-ton  cars  equipped  with  four 
90-h.p.  motors  geared  for  a  maximum  speed  of  60  milesper  hour  up 
to  2i,ooo  miles  in  dty  service  on  20- ton  cars  equipped  with  two  60- 
h.p.  motors  geared  for  a  maximum  speed  of  27  miles  per  hour.  Mr. 
Charles  A.  Ingle,  Electric  Railway  Journal,  1914,  states  as  follows: 
"  For  the  past  year  the  Rockford  &  Interurban  Railway,  Rockford, 
111.,  has  been  able  to  average  approximatdy  10,000  miles  on  its 
trolley  wheels  by  getting  the  maximum  possible  wear  out  of  them. 
We  use  a  6-in.,  4-lb.  whed  with  a  Ji-in.  hollow  shaft,  for  which  we  pay 
$1.05.  The  new  wheels  are  installed  in  interurban  service,  and  as 
they  wear  down  are  transferred  to  dty  car  until  worn  out.  We  had 
much  trouble  at  first  because  the  hub  would  become  badly  worn 
before  the  rim.  Now  when  this  occurs  we  bore  out  the  hub  iH  in. 
scant  and  press  in  a  T^-in.  inside  diameter,  iH-in.  outside  diameter 
phosphor-bronze  bushing,  which  is  swaged  at  both  ends  with  a 
tapered  pin  (H  e  in.  taper  to  fit) .  This  makes  the  bushing  tight  in  the 
wheel  and  allows  it  to  run  freely  on  the  ^-in.  axle.    At  a  cost  of 
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7  ceats  for  labor  and  material  we  frequently  obtain  from  3000  to 
4000  miles  additional  life  from  a  wheel,  and  in  all  cases  we  attain  the 
limit  of  wear."  Other  companies  report  wear  varying  from  2800  mUes 
in  interurban  service  to  25,000  or  30,000  miles  in  city  service. 

Trolley  Defects.  The  following  brief  consideration  of  possible 
defects  in  trolley  wheels  is  from  a  paper  by  Mr.  C.  W.  Squier, 
Electric  Railway  Journal,  19 14:  The  greatest  trouble  with  trolley* 
wheels  arises  from  the  difficulty  of  securing  satisfactory  lubrication 
and  of  conducting  the  current  from  the  wheel  to  the  harp.  Some 
of  the  most  frequent  defects  are  as  follows:  sides  bent,  broken  or 
chipped;  double  groove;  holes  in  sides;  flat  spots;  bushing  hole  too 
large;  burned  wheels;  sides  loose  and  rim  worn  off. 

Bent,  Broken  or  Chipped  Sides,  Bent,  broken  or  chipped  sides 
usually  result  from  wheels  coming -off  the  wire  and  striking  some 
part  of  the  overhead  construction.  The  number  of  such  troubles 
can  be  reduced  by  proper  attention  to  the  lubrication  of  the  troUey 
stands  so  as  to  insure  their  free  swiveling,  by  making  sure  that  the 
wheels  stand  perpendicular  to  the  car  roof  so  as  to  make  proper 
contact  with  the  trolley  wire,  by  keeping  the  side  .bearings  properly 
adjusted  so  as  to  prevent  the  swa3d^g  of  the  car  when  operating  at 
high  speeds,  by  renewing  the  trolley  bushings  and  axles  before  they 
become  unevenly  or  excessively  worn,  and  by  keeping  the  trolley 
tension  properly  adjusted. 

DoiAU  Grooves  or  Holes  in  Sides.  Double  grooves  or  holes  in 
the  sides  arise  from  the  condition  that  the  wheel  is  not  following 
the  wire  properly,  and  this  may  be  due  to  improper  maintenance 
of  the  overhead  construction.  These  defects  also  occur  frequently 
on  cars  that  are  operated  from  one  end  on  lines  with  frequent  curves, 
caused  by  the  wire  riding  the  flange  while  rounding  a  curve.  If 
the  harps  are  not  straight  in  the  poles  so  that  the  wheel  is  maintained 
at  an  angle  to  the  wire,  or  if  the  side  springs  are  weaker  on  one  side 
of  the  car  than  on  the  other  so  that  the  car  body  does  not  rest  level 
when  loaded,  the  trolley  wheels  are  liable  to  wear  unevenly.  When 
a  wheel  is  found  wearing  to  one  side  it  can  be  made  to  wear  straight 
in  some  cases  by  reversing  it  in  the  harp. 

Flat  Spots,  Flat  spots  are  caused  by  the  sliding  of  the  wheel  on 
the  wire  on  account  of  imperfect  rotation.  Flanges  frequently  be- 
come slightly  bent  and  rub  against  the  harp,  or  the  side  springs 
and  washers  may  be  too  tight  or  exert  too  great  pressure  against 
the  side  of  the  wheel.  Flat  spots  usually  start  with  a  very  slight 
slippage  between  the  wheel  and  the  wire,  but  when  a  spot  is  once 
started  it  increases  rapidly. 

Bushing  Hole  too  Large.  Over-sized  bushing  holes  are  caused 
by  lack  of  lubrication  or  by  shunts  and  springs  which  have  become 
so  worn  and  loose  that  their  pressure  is  too  light  to  properly  con- 
duct the  current  to  the  harp.  A  slight  burning  or  pitting  results 
from  the  carriage  of  the  excessive  current  through  the  bearing  and 
axle.  This  causes  the  bushing  to  bind  on  the  axle,  and  if  it  is  not 
a  very  tight  fit  in  the  wheel,  rotation  will  take  place  around  the  bush- 
ing instead  of  the  axle.  Under  such  circumstances  only  a  few  trips 
are  required  to  wear  out  the  bushing  hole  in  the  wheel. 

Burned  Wheels  and  Sleet  Troubles.     Burned  wheels  are  caused 
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when  the  wheel  becomes  separated  short  distances  from  the  wire 
so  that  rapid  arcing  and  destructive  burning  take  place.  Sleet 
destrojrs  the  wheel  very  rapidly  in  this  manner.  At  other  times  it 
is  found  that  if  a  wheel  is  out  of  balance  its  centrifugal  force  as  it 
rotates  will  break  the  contact  with  the  wire.  The  trolley  tension 
jon  cars  fotmd  with  burned  wheels  should  always  be  tested  care- 
fully. In  sections  where  sleet  storms  are  frequent,  sleet  cutters 
are  used  to  advantage.  On  large  systems,  however,  the  removal  of 
trolley  wheels  and  the  installation  of  sleet  cutters  assume  enormous 
proportions  and  come  as  an  additional  task  for  the  shop  forces  at 
the  very  time  when  they  are  usually  busy  with  snow  equipment. 
Large  city  roads  usually  prefer  to  depend  on  the  frequency  of  the 
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Fig.  1. — Trolley  wheel,  Brooklyn  elevated  lines. 

service  to  keep  the  sleet  off  the  wire,  or  they  install  sleet  cutters  on 
but  a  few  cars  of  each  line,  depending  on  these  to  scrape  the  ice 
clean  and  thus  prevent  excessive  burning  on  the  wheels  of  the 
other  cars. 

Sides  Loose  and  Rim  Worn  Off,  Loosened  sides  and  worn 
rims  are  troubles  experienced  with  built-up  wheels  such  as  those 
with  steel  flanges  and  a  copper  center,  and  they  usually  are  due 
to  the  construction  of  the  wheel.  Their  number  can  be  decreased 
by  the  treatment  prescribed  in  the  paragraph  on  "double  grooves  or 
holes  in  sides" 

Trolley  Wheel  and  Harp  Details.  Figs,  i,  2  and  3  give  the 
details  of  standard  trolley  wheels  and  harps  used  by  the  Brooklyn 
Rapid  Transit  System. 
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Pig.  j. — Trolley  harp,  Brooklyn  surfate 
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Fic,  3, — Troltay  turp,  Brooklyn  elevated  li 
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Current  Carrying  Capacity  of  Trolley  WheeL'  The  following 
values  of  current  carrying  capacities  of  trolley  wheels  when  traveling 
at  various  speeds  are  from  the  Standard  Handbook  for  Electrical 
Engineers.  The  pressure  between  trolley  wheel  and  trolley  is 
assumed  to  vary  from  20  to  40  lb. 

Speed,  miles  per  hr 5       10       20       30       40       50       60 

Current  capacity,  amperes.  1000     850     650     550     400     300     200 

Trolley  Base.  The  functions  of  a  trolley  base  are  to  provide 
so  flexible  a  support  for  the  trolley  pole  that  it  will  have  free 
movement  both  laterally  and  vertically  while  exerting  the  pressure 
necessary  to  keep  the  trolley  wheel  in  contact  with  the  wire.  A 
freely  swiveling  base  is  most  essential  in  order  that  the  trolley  wheel 
may  follow  the  overhead  line.  To  provide  this  extreme  sensi- 
tiveness, roller  and  ball-bearing  bases  have  come  into  general  use. 
Both  types  operate  satisfactorily  when  provided  with  properly 
hardened  parts.  By  using  ball  bearings  a  lower  base  can  be  ob- 
tained than  with  roller  bearings,  but  on  the  other  hand  roller 
bearings  give  greater  wearing  surfaces.  Various  pressure  spring 
arrangements  are  in  use.  Some  bases  have  springs  in  tension  and 
others  have  springs  in  compression.  Further,  some  bases  have  but 
a  single  spring,  while  others  have  a  battery  of  springs.  The  follow- 
ing brief  consideration  of  possible  trolley  base  defects  is  from  a 
paper  by  Mr.  C.  W.  Squier,  Electric  Railway  Journal,  19 14: 

Broken  or  Weak  Springs.  A  spring  which  is  in  tension  breaks 
most  frequently  at  the  end  loops  or  at  the  bend  where  the  loop 
joins  the  first  turn  of  the  spring.  The  number  of  such  breakages 
can  be  reduced  by  keeping  the  parts  over  which  the  springs  hook 
in  good  condition  so  that  the  loops  have  a  maximum  amount  of 
bearing  surface.  By  the  use  of  a  magnifying  glass  one  may  often 
discern  small  cracks  in  new  springs  at  the  bend  from  the  loop  to 
the  first  turn  of  the  spring.  These  cracks  are  evidently  due  to  the 
method  of  manufacture,  and  while  such  springs  are  strong  enough 
to  withstand  heavy  strains,  they  will  ultimately  break  at  these 
fissures.  Springs  are  also  weakened  from  the  gradual  loss  of 
their  ability  to  resist  elongation  or  to  the  compression  which  follows 
the  slow  accumulaUon  of  a  permanent  set.  In  older  types  of  bases 
the  full  i>ower  of  the  springs  may  not  be  available  for  producing 
tension  at  the  trolley  pole  because  of  excessive  friction  in  such 
parts  as  the  cross-pin  that  forms  the  up-and-down  bearing  for  the 
trolley  pole,  the  cross-head  in  its  guide,  the  side  rod  bearings  which 
carry  the  trolley  spring  pressure  and  the  trolley  springs  themselves 
on  their  guides.  It  is  very  difficult  to  keep  these  parts  lubricated, 
as  rain  forces  the  oil  out  on  the  roof  of  the  car  and  Uie  windows  and 
sills  often  become  bespattered  and  soiled  from  oH.  In  the  later 
designs  of  stands  an  effort  has  been  made  to  provide  bearings  which 
do  away  with  the  necessity  for  constant  oiling  at  friction  points, 
and  the  designers  .have  also  endeavored  to  provide  for  a  uniform 
pressure  of  the  trolley  wheel  on  the  wire  at  different  elevations. 
Tension  springs  are  sometimes  weakened  by  overstretching  them 
during  installation.  One  bad  practice,  for  example,  is  to  force  a 
screw-driver  or  other  sharp  tool  between  the  spirals  of  the  spring 
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and  to  use  this  as  a  lever  to  hook  the  eye  over  its  post.  This  is 
likely  to  force  the  spirals  apart  to  such  a  distance  that  they  will 
not  come  back  to  their  original  position. 

Warn  Bearings  and  Pins,  Worn  bearings  at  various  parts  of  the 
base  are  a  constant  source  of  trouble.  In  a  great  many  cases  the 
desire  to  keep  down  the  weight  has  left  insufficient  material  to 
perHxit  die  boring  and.  bushing  of  worn  bearings.  Some  roads  have 
gone  to  the  expense  of  making  patterns  of  new  castings  which  are 
provided  with  sufficient  material  to  allow  all  wearing  parts  to  be 
bushed.  Fig.  4  illustrates  one  method  of  bushing  a  yoke  to  take 
care  of  excessive  wear. 

Nut,  BoU,  Ball  and  Roller  Troubles,  All  nuts  should  have  lock 
washers,  and  if  difficulty  is  then  expierienced,  cotter  keys  should  be 
added.  Where  ball  bear- 
ings are  used,  the  races  are 
usually  insulated  from  the 
socket  casting  to  prevent 
them  from  carrying  the 
trolley  current.  Notwith- 
standing this  precaution, 
the  frequent  discovery  of 
burned  ball  races  and  balls 
shows  that  they  do  carry 
current.  This  action  may 
take  place  in  several  differ- 
ent ways.  For  instance, 
the  contact  shunts  that 
carry  the  current  from  the 
socket  casting  to  the  base 
plate  occasionally  get  bent  out  of  position  so  that  they  bear  on  the 
race  and  socket  casting  at  the  same  time.  Current  then  passes 
across  the  contact  face  of  the  shunt  to  the  ball  race  and  thence 
through  the  balls  to  the  base  plate,  cauang  the  burning  of  the  balls 
and  race.  Moisture  and  dirt  collect  on  the  surface  of  the  insula- 
tion, and  the  current  then  has  an  easy  path  to  the  ball  race.  Again, 
contact  shunts  are  sometimes  torn  off  entirely  and  current  then 
passes  over  the  surface  of  the  insulation  from  the  socket  casting  to 
the  race.  When  new  ball  races  are  installed  care  should  be  taken 
to  see  that  the  lower  ed^e  of  the  ball  race  does  not  project  beyond 
or  come  flush  with  the  contact  surface  of  the  socket  casting.  This 
precaution  will  prevent  the  contact  shunts  from  bearing  on  the 
race,  for  then  they  cannot  touch  the  edge  of  the  race  while  still 
remaining  in  contact  with  the  face  of  the  socket  casting. 

Burned  or  Broken  ShurUs  and  Burned-off  Leads  or  Terminals, 
Of  necessity,  trolley  bases  must  be  made  very  low.  As  a  result,  the 
distance  from  the  socket  casting  to  the  base  plate  is  usually  not  more 
than  I  to  iH  in.  This,  then,  is  all  the  space  that  is  available  for 
contact  shimts.  It  is  very  difficult  to  get  in  this  space  a  spring 
which'  is  efficient  enough  to  give  the  necessary  current-trans- 
mitting pressure  of  the  contact  shunt  against  the  socket  casting. 
The  springs  soon  take  a  permanent  set  and  arcing  then  takes  place 
between  the  contact  surface  of  the  socket  casting  and  the  shunt. 


Fig.  4. — Bushings  in  trolley  base  yoke. 
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Fig.  5. — Trolley  base  with 
contact  ring. 


As  a  result,  the  shunt  is  burned  away  or  else  the  contact  surface  of 
the  socket  casting  becomes  so  rough  from  the  arcing  that  the  shunts 
are  torn  ofiF.  The  surface  of  the  socket  casting  is  thus  destroyed, 
and  in  most  cases  it  is  necessary  to  install  a  new  casting.  Fig.  5 
shows  a  brass  contact  ring  which  was  made  to  screw  to  the  face  of 
the  socket  casting.  As  this  ring  is  of  brass,  it  forms  a  better 
conducting  surface  than  the  steel  casting,  and  if  it  becomes  burned 

it  can  easily  be  replaced  at  small 
expense.  This  ring  also  permits 
.the  re-use  of  socket  castings  that 
have  become  slightly  burned,  since 
the  lower  face  of  the  casting  can  be 
turned  off  for  the  reception  of  the 
contact  ring.  The  common  form 
of  terminal  used  on  trolley  bases 
consists  of  a  hole  in  a  lug  to  receive 
the  lead.  The  hole  is  provided  with 
set  screws  to  clamp  the  lead  in  place. 
Leads  become  loose  from  the  work- 
ing out  of  the  set  screws  or  because 
the  screws  are  not  tightened  when  a 
new  base  is  installed.  If  the  screws 
stay  in  place,  they  soon  become  so 
rusty  that  it  is  almost  impossible 
to  remove  them  when  it  is  neces- 
sary to  instdll  a  new  base.  If  the 
leads  become  loose,  the  arcing  thereby  initiated  soon  bums  away 
the  lead  and  terminal.  A  better  form  of  terminal  which  can  be 
quickly  and  easily  removed  consists  of  a  standard  soldered  terminal 
such  as  is  used  for  the  ground  leads  on  motors.  If  the  trolley  lead 
is  soldered  into  this  properly,  there  is  no  danger  that  the  lead  will 
burn  off  at  this  place.  This  terminal  is  then  bolted  to  the  base 
plate,  where  a  spot-ffnished  surface  is  provided  to  give  a  good  con- 
tact surface. 

Inspection  and  Lubrication  of  Trolley  Wheel,  Stand,  Rope  and 
Retriever.    (A.E.R.E.A.  Miscellaneous  Methods 

and  Practices) 

Examine  wheel  and  see  that  bushing  and  hub  or  spindle  are  not 
unduly  worn  and  that  outer  rims  are  not  bent,  nicked  or  worn  out; 
see  that  cotter  keys  holding  spindle  in  harp  are  in  good  condition; 
see  that  contact  springs  and  washers  are  sufficiently  tight  between 
harp  and  hub  of  wheel  to  form  a  good  contact,  but  not  so  tight  as  to 
allow  the  wheel  to  slide  on  the  wire.  See  that  the  spindle  is  tight 
enough  in  the  harp  to  form  a  good  contact,  and  that  the  spindle  holes 
in  the  harp  are  not  too  badly  worn  to  prevent  this  contact.  Examine 
the  harp  and  see  that  it  is  not  loose  on  the  pole  and  that  rivets 
holding  same  are  tight.  Examine  pole  for  cracks,  bends  or  flaws, 
and  see  that  it  alines  the  wheel  properly  with  the  wire,  and  if  not, 
loosen  the  clamp  bolts  and  turn  with  a  pipe  wrench  until  wheel  is  in 
proper  alinement,  leaving  the  wheel  on  the  wire  during  the  operation. 
See  that  clamp  bolt  and  nut  holding  same  and  base  bolts  are  all 
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tight  and  in  good  condition;  examine  springs  and  see  that  they  have 
sufficient  tension,  allowing  sufficient  space  between  the  coils  foe 
compression  when  the  pole  is  pulled  down  to  the  roof  of  the  car. 
In  bases  with  more  than  one  spring,  see  that  they  are  equalized  on 
each  side,  both  sides  given  the  same  tension.  Give  springs  sufficient 
tension  so  that  the  wheel  will  have  pressure  of  about  20  to  25  lb. 
against  the  wire  in  dty  service  and  from  35  to  40  lb.  on  high  speed. 
Make  this  test  where  the  wire  is  of  standard  height.  It  can  be  done 
by  using  a  hook  scale,  or  by  hanging  an  old  brake-shoe  or  other  weight 
to  the  trolley  rope.  See  that  trolley  board  is  securely  fastened  to 
the  roof  of  the  car. 

Trolley  Lubrication.  Lubricate  trolley  wheels  at  each  inspection 
and  wipe  all  surplus  oil  from  wheel  hub  after  lubricating.  Lubricate 
bases  when  necessary.  This  can  be  determined  by  swinging  the 
pole  from  side  to  side  below  the  wire.  If  the  base  operates  freelv  no 
lubrication  is  necessary.  Great  care  must  be  taken  not  to  allow 
any  surplus  oil  or  grease  to  reach  car  roof  while  lubricating  the  bases 
and  wheels. 

Trolley  Rope,  See  that  rope  has  a  firm  fastening  with  the  harp; 
that  it  is  not  chafed  or  showing  signs  of  wear  where  it  comes  in 
contact  with  the  hood;  that  it  has  not  been  broken  and  that  is  has  no 
unnecessary  knots  in  it. 

Trolley  Retriever.  Trip  the  retriever  and  see  if  it  operates 
properly;  that  the  tension  in  the  retriever  spring  is  not  so  severe  as 
to  break  the  rope  or  pull  the  trolley  down  so  severely  as  to  damage 
the  hood  or  roof;  see  that  rope  works  freely  when  resetting,  and  that 
it  is  of  such  length  that  it  will  not  pull  trolley  from  the  wire  where 
the  wire  is  high,  such  as  at  railroad  crossings,  etc. 

£xtra  Trolley  Pole.  See  that  all  interurban  cars  are  supplied 
with  an  extra  pole,  fully  equipped,  and  in  good  condition. 

TroUey  Pole  and  Pressure  oetween  Trolley  Wire  and  Trolley 
WheeL  Poles  of  such  length  that  the  longitudinal  axis  of  the  pole 
makes  an  angle  of  from  35  to  45  deg.  with  the  axis  of  the  trolley 
on  tangent  track  are  in  most  common  use  and  the  most  common 
len^  is  12  ft.  Height  of  ca^,  height  of  trolley  wire,  alinement  of 
track  and  other  local  conditions  may  require  a  longer  or  shorter  pole 
between  the  limits  10  ft.  and  14H  ft.  A  light  flexible  pole  is  pref- 
erable to  a  heavy  one,  as  it  adapts  itself  to  irregularities  in  the 
overhead  system  and  does  comparatively  little  damage  to  that 
system  when  the  trolley  wheel  jumps  from  the  trolley  wire.  The  pres- 
sure between  trolley  wire  and  trolley  wheel  should  be  such  that  the 
trolley  wheel  will  follow  the  trolley  wire  with  as  little  wear  as  pos- 
sible. High-speed  service  requires  a  greater  pressure  than  low- 
speed  service.  When  the  proper  pressure  has  oeen  decided  upon, 
the  adjustment  should  be  made  by  measurement.  This  adjust- 
ment has  been  commonly  made  by  hanging  a  weight  at  the  end  of 
the  trolley  pole  or  by  fastening  a  spring  balance  to  the  trolley  rope 
and  applying  the  required  tension  through  the  spring  balance,  then 
adjusting  the  trolley  stand  spring  till  the  wheel  is  of  the  proper 
height  to  just  touch  the  trolley  wire.  Adjustment  by  use  of  the 
weight  has  been  found  to  be  the  most  satisfactory. 

In  operating  practice,  pressure  between  the  trolley  wheel  and 
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wire  varies  from  1 6  to  40  lb.,  pressures  from  16  to  25  lb.  being 
-usually  considered  sufficient  for  city  operation,  while  35  lb.  is  gen- 
erally used  in  high-speed  interurban  operation.  As  the  alinonent 
of  trolley  wire  and  condition  of  track  approaches  perfection,  the 
troUey  wheel  pressure  approaches  the  minimum,  and  no  more  pres- 
sure should  be  used  than  is  required  to  hold  the  trolley  on  the  wire 
at  the  required  speeds  with  properly  lubricated  trolley  bases. 

Trolley  Poles  for  Double-truck  Cars.  The  general  practice  is 
to  use  two  trolley  poles  on  double-truck  cars,  the  trolley  base 
usually  being  mounted  directly  over  the  center  of  the  truck, 
although  less  offset  in  trolley  wire  is  required  when  the  trolley 
base  is  mounted  between  the  truck  center  and  the  end  of  the  car. 
With  two  trolley  poles  there  is  less  likelihood  of  the  trolley  wheel 
being  pulled  off  the  wire  from  rope  friction  over  the  rear  end  of  the 
car  or  a  defective  retriever;  with  two  trolleys  the  car  is  not  entirely 
disabled  by  the  failure  of  one;  trolley  wheel  replacements  are 
made  more  easily  when  the  base  is  located  nearer  one  end  of  the 
car;  and  the  offset  required  in  trolley  wire  on  curves  is  less  as  the 
troUey  base  is  brought  nearer  the  car  end.  With  short  double- 
truck  cars  in  city  service,  where  the  distance  between  truck  centers 
is  not  great,  and  the  trolley  wheel  may  be  easily  observed  from  the 
rear  platform,  a  single  trolley  pole  may  be  used  to  advantage. 

Tbjrd  Ran  Collector.  The  third  rail  collector  has  the  greatest 
current  collecting  capacity  of  any  current  collecting  device  used 
in  electric  railway  work.  In  the  section  on  electric  traction  by 
Mr.  A.  H.  Armstrong,  Standard  Handbook  for  Electrical  Engineers, 
it  is  stated  that  tests  have  been  made  which  indica^te  that  electricity 
may  be  collected  at  the  rate  of  2000  amperes  from  a  single  shoe  at  a 
speed  of  35  miles  per  hour  and  500  amperes  at  a  speed  of  70  miles 
per  hour.  The  two  general  classes  of  collectors  are  that  in  which  the 
contact  pressure  is  furnished  by  gravity  and  that  in  which  the  con- 
tact pressure  is  furnished  by  a  spring.  The  shoes  are  generally 
made  of  wrought  iron  or  cast  iron  and  in  some  cases  a  steel  wearing 
surface  is  used. 

Fig.  6  shows  the  details  of  the  third  rail  collector  designed  for 
operation  on  overrunning  protected  \hird  rail  in  the  New  York 
subway.  Contact  pressure  is  furnished  by  a  spring.  The  shoe  is 
arranged  with  a  stop  by  which  its  downward  movement  is  limited. 
The  maximum  possible  drop  is  iH  in.,  but  this  may  be  reduced  by 
shims.  Connection  from  the  shoe  to  the  supporting  brackets  is 
made  by  a  flexible  cable  wound  around  the  shaft.  The  cable  is 
wound  in  this  way  so  that  it  will  not  be  affected  by  the  motion  of 
the  shoe. 

Fi^.  7  shows  the  automatic  third  rail  collector  for  use  on  over- 
runmng  third  rail  of  the  Philadelphia  and  Western  Ry.  The  pres- 
sure between  third  rail  and  slipper  is  about  10  lb.  and  is  furmshed 
by  a  spring  which  also  serves  to  hold  the  shoe  in  the  inoperative 
position.  A  tool-steel  insert  in  the  slipper  is  used  for  the  wearing 
piece.  This  piece  is  held  in  place  by  two  rivets  and  babbitt.  Dur- 
ing the  winter  the  slipper  is  slanted  slightly  downward  in  order  to 
make  contact  with  the  far  side  of  the  third  rail,  as  this  part  of  the 
rail  is  usually  free  from  sleet.    This  slanting  is  done  by  means  of 
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c  stop,  the  four  quarter  turns  of  which  wUl  also  take 
'e  of  a  i.5-in.  reduction  in  diameter  of  the  car  wheels.    There  is 
also  a  rack  adjustment  on  the  car  trucks  for  raising  and  lowering 


the  collector  beams.  The  automatic  folding  and  unfolding  of 
the  shoe  b  obtained  in  the  following  manner:  Where  the  ^oes 
should  either  open  or  fold,  as  the  case  may  be,  two  parcel  metal 
strips  which  are  sloped  in  opposite  directions  are  placed  along  the 
tracks  and  set  several  inches  apart.  If  the  shoe  is  open,  the  slipper 
will  bear  against  the  rising  strip  until  it  assumes  a  nearly  vertical 
,  position,  and  the  spring  then  acts  to  close  it.     The  rising  of  the 


Flc.  7-— Third  rail  collector.  Philadelphia  and  Western. 

slipper,  however,  is  coincident  with  the  lowering  of  a  tail-piece 
which  is  always  at  right  angles  to  the  shppei.  When  the  shoe  is 
to  be  opened,  this  tail-piece  will  be  within  range  of  the  other  in- 
clined strip,  so  that  it  will  be  forced  upward  while  the  slipper  moves 
downward  to  make  contact  with  the  conductor  rail.  The  eccentric 
stop  and  the  tail-piece  prevent  the  slipper  from  dropping  when 
unsupported  by  the  third  rail. 

Fig.  8  shows  a  third  rail  collector  and  sleet  brush  of  the  Brook- 
lyn Rapid  Transit  Co.  This  collector  was  designed  to  dimjuate 
all  links  and  castings,  it  is  of  wrought  iron,  and  it  allows  a  maximum 
height  variation  of  2,5  in.  The  wrought  iron  shoe  replaces  a  link- 
suspended  casUng  which  was  too  fragile.  Copper  shunts  were  used 
on  the  casting,  but  the  flat  springs  were  found  to  be  sufficient 
conductors  on  the  type  illustrated.  The  sleet  brush  is  made  of 
No.  23  B.  Sc  S.  gage  wire,  which  is  renewed  about  every  season. 

Fig.  9  shows  a  third  rail  collector  patented  by  Mr.R.R.  Potter 
for  use  with  either  oveminning  or  undeminning  third  rail.  The 
tensioa  or  pressure  of  the  shoe  on  the  rail  is  regulated  by  the  position 
of  the  spring  in  relation  to  the  pivot  or  beating  points  and  may  be 
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set  at  any  reasonable  amount.  If  the  spring  is  placed  back  of  the 
line  of  bearing,  the  outer  end  of  the  shoe  is  caused  to  rise,  and  it 
then  becomes  suitable  for  use  on  an  undemuming  rail.    In  case 


ceqiured  and  no  shunts  are  used. 
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Life  of  Third  Rail  Contact  Shoe.  Overrunning  gravity  type 
of  third  rail  contact  shoe  of  the  Interbprough  Rapid  Transit  Co. 
for  the  year  1907  was  as  follows: 

Subway  Elevated 
Average  life,  contact  shoe-miles  45.730         56,008 

Average  cost  per  1000  contact  shoe-miles  $0.02322    90.01241 


Fig.  9. — Third  rail  collector  for  either  over-  or  underrunning. 

Brookl}^!  Rapid  Transit  System  third  rail  contact  shoe  of  mild 
steel  H  in.  thick  and  8  in.  wide  gives  an  average  life  of  9  months  or 
approximately  31,000  miles. 

The  average  life  of  a  third  rail  contact  shoe  on  the  New  York 
Central  &  Hudson  River  R.  R.  is  about  3600  miles  (including  wear 
and  accidental  breakage). 

The  average  life  of  the  third  rail  cast-steel  contact  shoe  of  the 
Aurora,  Elgin  and  Chicago  R.  R.  is  about  100,000  miles. 

Pantograph  Collector  and  Bow  Collector 

The  pantograph  collector  diflFers  from  the  bow  collector  essentially 
in  the  movement  and  position  of  the  contact  shoe.  The  shoe  of  the 
pantograph  collector  is  controlled  by  a  pantograph  structure  and 
moves  in  a  vertical  plane  through  the  center  of  the  mechanism  as  it 
rises  and  is  depressed  in  action,  while  the  shoe  of  the  bow  collector 
is  trailed  in  a  manner  similar  to  that  of  the  common  trolley  wheel 
and  moves  in  a  vertical  curve.  When  used  in  high  voltage  operation, 
both  types  are  insulated  from  the  car  by  being  mounted  on  porcelain 
insulators.  Both  types  are  generally  placed  in  action  and  removed 
therefrom  by  means  of  a  compressed  air  mechanism  And  in  high 
voltage  service  this  is  often  arranged  to  automatically  lower  the 
collector  when  the  high  voltage  distributing  box  is  opened.    The 
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scheme  of  the  pneuaiatic  operation  oE  the  low  pantograph  on 
New  York  Central  locomotives  b  dift^Tftnuned  in  Fig.  lo.  Near 
each  master  controller  in  the  cab  there  is  a  valve  by  means  ©(which 
the  pantograph  shoe  may  be  raised  or  lowered.  When  air  is  applied, 
the  shoe  is  lifted  so  as  to  make  contact  with  the  overhead  rail. 
Wh«t  ui  b  released,  the  shoe  drops;  alao  if  the  shoe  runs  off 
the  rail,  it  b  tripped  automatically  and  drops.  Moving  the 
handle  forwaid  operates  the  pilot  valve,  by  means  of  which  a 
aKde-valve  is  thrown  to  admit  .air  from  the  reservoir  to  the  cylinder 
of  the  contact  shoe  device.  Pulling  the  handle  hack  operates 
another  [ulot  valve  and  the  slide-valve  is  thrown  over  to  connect 
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Pig.  io.-^jot  paatogrBph  collector.  New  York  Central. 
the  air  chamber  of  the  contact  device  to  the  exhaust.    The  handle 
will  spring  back  to  the  middle  position  from  either  direction. 
There  are  two  of  these  overhead  contact  shoes  which  are  controlled 
in  common  by  either  valve  in  the  cab. 

Either  pantograph  or  bow  may  be  used  when  hi^  speed,  voltage 
or  amperage  or  overhead  construction  will  not  permit  satbfactory 
wheel  tr<dley  operation.  In  many  places  3.  pantograph  is  used 
in  suburban  service,  but  in  city  service  the  overhead  construc- 
tion permits  only  a  wheel  trolley.  This  is  provided  for  by  equipping 
each  car  with  a  pantograph  in  the  middle  and  a  wheel  troUey  pde 
at  each  end.  A  tyjucal  pantograph  collector  b  shown  by  Fig.  11. 
Both  the  pantograph  collector  and  the  bow  collector  are  built  ' 
with  many  variations  in  the  details  of  construction.    The  panto- 


trolley  wire  height  and  having  the  contactor  spring-supported  to 
f(dlon  minor  unevenness.  The  bow  collector  may  have  a  frame- 
work or  pde  or  a  pantograph  base  to  follow  variations  in  troUey 
wire  hdght  and  from  this  ue  contactor  is  generally  carried  on  a 


406  ELECTRIC  RAILWAY  HANDBOOK 

lighter  secondary  trailing  structure  made  flexible  to  follow  minor 
unevenness.  The  following,  relative  to  successful  current  collector 
operation,  is  by  Mr.  Otis  Allen  Kenyon,  Elec.  Ry.  Journal,  1909: 
The  successful  operation  of  any  system  depends  upon  the  ability 
of  the  contactor  to  keep  in  contact  with  the  wire.  Failure  to  do  this 
produces  arcing  and  hammering.  The  arcing  destroys  both  the 
collector  shoe  and  the  wire,  while  the  hammering  accelerates  the 
wear,  kinks  the  wire  and  breaks  the  fastenings.  The  difficulty  of 
keeping  the  collector  in  contact  with  the  wire  increases  very  rapidly 

with  the  speedy  and  the  minimizing  of 
this  difficulty  is  one  of  the  important 
problems  in  high  speed  operation.  The 
variations  in  the  position  of  the  wire 
over  the  track,  and  the  swaying  of 
the  car  require  the  collecting  device  to 
be  so  constructed  as  to  adapt  itself  to 
all  such  variations,  thus  forming  a 
flexible  connection  between  the  wire 
and  the  car.  At  low  speeds  it  is 
comparatively  easy  to  design  such  a 
device,  since  all  variations  in  p>osition 
_  «,    •    ,  .    ^^^^  place  so  slowly  that  the  inertia  of 

•  "•"■col?^tor''*°^         the  collector  does  not  prevent  it  from 

following  the  wire.  However,  at  high 
speeds  the  effect  of  every  little  variation  is  exaggerated  and  tends 
to  produce  vibration.  Large  variations  in  position,  such  as  are 
caused  by  passing  imder  bridges,  etc.,  when  made  gradually,  have 
little  or  no  effect  on  vibration.  The  three  principal  causes  of 
vibration  are: 

(i)  Unevenness  of  the  contact  wire,  due  either  to  imperfect 
suspension  or  non-uniform  wear. 

(2)  Vibration  and  swaying  of  the  car  or  locomotive, 

(3)  Inertia  of  the  contact  device. 

The  results  of^xperiments  made  thus  far  (1909)  seem  to  point  to  a 
type  of  collector  which  should  consist  of  two  parts,  namely,  a  main 
part  to  take  up  the  large  variations  in  the  height  of  the  wire  and  an 
auxiliary  part  to  take  up  the  vibrations.  The  main  part  may  be 
comparatively  large  and  heavy  and  should  be  balanced  for  wind 
pressure  and  provided  with  springs  arranged  to  exert  a  constant 
pressure  irrespective  of  the  position  of  the  shoe.  The  aunliary 
part,  which  should  trail,  must  be  light  and  designed  to  have  a  high 
natural  period  of  vibration  which  will  enable  it  to  fellow  the  most 
rapid  vibrations  of  the  car  to  which  it  will  be  subjected. 

Contact  Shoe.  Contact  shoes  have  been  made  of  copper,  steel, 
aluminum  and  various  alloys  in  attempts  to  get  a  considerable  life 
of  shoe  together  with  small  wear  on  the  trolley  wire.  A  snoeof 
"U"  shaped  section  containing  lubricant  in  the  form  of  grease  has 
been  found  to  reduce  wear  and  singing.  Aluminum  shoes  are  Ught, 
consequently  they  have  comparatively  little  inertia  which  makes 
possible  a  collector  structure  of  high  natural  period  of  vibration. 

Contact  Shoe  Wear.    The   following,  relative  to  contact  shoe 
wear,  is  by  Mr.  Otis  Allen  Kenyon,  Eke.  Ry.  Journal,  1909: 
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Wear  of  the  wire  and  shoe  can  be  traced  to  two  causes,  mechanical 
and  electricaL  The  mechanical  causes  are  due  to  pressure  and 
cannot  be  entirely  eliminated.  Non-uniformity  of  pressure  is  the 
most  serious  trouble.  The  spring  can  be  so  designed  as  to  make 
the  pressure  constant  for  any  position  of  the  collector.  However, 
the  speed  at  which  the  collector  changes  its  position  affects  the 
pressure  to  an  extent  which  can  only  be  controlled  by  reducing  the 
inertia  of  the  mass  to  be  moved.  Throughout  Europe  the  average 
pressure  of  the  contact  shoe  against  the  wire  is  about  1 1  lb.  The 
electrical  causes  are  secondary,  being  due  to  arcing,  which  is  caused 
by  insufficient  contact  surface.  Arcing  is  especially  destructive 
in  that  once  started  the  surface  is  left  more  predisposed  to  arcing 
than  before  and  conditions  rapidly  go  from  bad  to  worse.  The 
cause  is  due  to  imperfect  contact  and  vibration  and  the  resulting 
wear  is  a  function  of  the  current  rather  than  of  the  power.  For 
a  given  power  the  lighter  the  voltage  the  less  destructive  is  the  arc. 
Soot  deposited  on  t^e  contact  wire  by  steam  locomotives  increases 
the  wear  to  an  astounding  extent.  The  Swedish  commission  found 
that  the  wear  of  the  shoe  on  a  soot-covered  wire  is  about  ten  times 
as  rapid  as  on  a  clean  one.  The  aluminum  shoes  on  the  other  types 
of  collectors  ran  about  1500  miles  on  soot-covered  wires.  It  is  esti- 
mated in  the  report  that  on  clean  wires  they  would  run  at  least 
12,500  miles.  The  practice  of  the  Swedish  tramwajrs  indicates  an 
average  life  of  such  shoes,  when  used  in  tramway  service,  of  12,500 
miles  before  renewal,  but  if  left  until  worn  out  they  will  run  as 
high  as  62,000  miles. 

In  tests  on  the  New  Haven  electrification,  Mr.  W.  S.  Murray 
found  that  a  pantograph  shoe  supported  on  spiral  springs  had  a 
considerably  longer  life  than  one  rigidly  supported.  In  a  paper, 
A.I.E.E.,  1908,  he  stated  that  the  cost  for  pantograph  shoe  was 
about  0.06  cent  per  locomotive  mile.  This  was  for  the  rigid  shoe 
and  represents  approximately  2  per  cent,  of  the  total  cost  of  main- 
tenance and  repairs  per  locomotive  per  locomotive  mile.  He  also 
noted  that  where  soot  was  present,  mileages  varying  between  600 
and  1500  per  shoe  had  been  obtained,  while  roads  operating  lesser 
speeds  and  not  subject  to  the  effects  of  locomotive  stack  discharges, 
had  obtained  as  hi^  as  25,000  shoe  miles. 

A  galvanized  sheet-steel  pantograph  shoe  is  used  on  the  loco- 
motives operating  in  the  St.  Clair  Tunnel  of  the  Grand  Trunk 
Railway  System.  The  average  life  of  one  of  these  shoes  is  3000 
miles.  The  pressure  used  is  7.5  lb.  in  winter  and  5  lb.  in  summer. 
The  speed  is  25  miles  p^r  hour.  A  shoe  with  a  copper  wearing  surface 
was  found  to  have  a  much  shorter  life  than  the  steel  shoe.  The  steel 
shoe  did  not  wear  the  copper  trolley  wire  so  much  as  the  copper  shoe 
did. 

On  the  New  York,  Westchester  and  Boston  Ry.  galvanized  iron 
pantograph  shoes  H«  in.  thick  were  replaced  by  black  mild-steel 
shoes  of  the  same  thickness.  The  life  of  the  black-steel  shoe  is  2600 
miles.  The  normal  pressure  is  10  lb.  for  both  winter  and  summer. 
During  spring  and  fall  it  is  14  lb.  to  15  lb.  It  was  noted  in  1913  that 
after  this  roiui  had  operated  for  about  iH  years  the  life  of  a 
pantograph  shoe  was  about    four  times    as  great  as  at  the 
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beginning.  Mr.  R.  R.  Potter  attributes  this  increase  in  life  to  the 
fact  that  the  original  cross-section  of  the  steel  contact  wire  of  the 
catenary  system  was  circular  while  the  wear  during  this  period  had 
produced  a,  flat  contact  surface  about  H  in.  wide- 
Roller  Trolley.  The  roller  trolley  is  second  to  the  third  rail  shoe 
in  current  collecting  capacity,  but  it  has  more  inertia  than  the 
pantograph  shoe.  For  these  reasons  it  is  suited  to  service  at  heavier 
currents  and  at  lower  speeds  than  those  to  wliich  the  pantograph 
shoe  is  particularly  adapted.  Fig.  12  shows  a  roller  trolley  used 
successfully  on  the  Key  Route,  California.  The  roller  is  mounted 
on  a  pantograph  frame  and  weighs,  complete  with  spindle,  a&  lb. 
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lected  from  either  a  trolley  wire  suspended  from  an  inverted  catenary 
or  a  trolley  wire  stretched  tightly  over  insulators  at  the  side  of  the 
track.  The  collector  consists  essentially  of  a  curved  hinged  arm 
which  sweeps  over  nearly  a  semidrcle  in  a  plane  transverse  to  the 
longitudinal  axis  of  the  track.  This  collector  is  supported  on  in- 
sulators on  the  side  of  the  car  top.  Normally  the  arm  rests  on  top 
of  the  trolley  wire  with  a  pressure  of  about  1.5  lb.  On  cross-overs 
and  in  tunnels,  where  the  trolley  wire  is  carried  over  the  track,  the 
arm  swings  toward  the  center  ot  the  car,  and  is  depressed,  malring 
contact  progressively  from  the  top  around  to  the  side  and  then 
underneath  the  tr<Jley  wire.  In  addition,  the  saddle  which  carries 
the  arm  is  movable  laterally,  increasing  the  radius  of  action. 


SLOT  PLOW  COLLECTOR  409 

SlotPkir.  The  dot  plow  is  arranged  to  collect  current  from  con- 
ductor bars  which  are  located  about  6in,  apart  andafootbelow 
the  track  rails.  It  condsts.of  a  flat  frame  made  of  insulating 
material  suspended  from  the  car  and  carrying  the  necessary  con. 


Pic.  13.— Slot  plow.  Wuhington. 
ductors  from  the  conductor  bar  to  the  car.    This  frame  extends 
through  the  H-in-  or  M-in.  slot  between  the  slot  rails  and  carries  a 
contact  shoe  at  dther  side  of  its  lower  end.     It  insulates  the  contact 
shoes  from  each  other.    The  contact  shoe  is  generally  made  of 
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chilled  cast  iron  and  is  held  against  the  conductor  bar  by  a  flat  steel 
spring  by  which  it  is  fastened  to  the  frame.  The  frame  carries  thin 
wear  plates  of  hard  steel  for  protection  against  excessive  wear  in 
rubbing  over  the  slot  rails.  Electrical  connection  between  the 
contact  shoes  and  the  upper  end  of  the  plow  is  by  fuse  connectors 
and  rubber-insulated  conductors.  These  fuse  connectors  are  con- 
nected to  the  contact  shoes  and  serve  to  protect  the  plow  from  damage 
by  short  circuit  from  shoe  to  shoe.  Fig.  13  shows  a  slot  plow  used 
by  the  Capital  Traction  Co.,  Washington,  D.  C.  The  suspension 
of  the  plow  from  the  truck  must  admit  of  free  lateral  movement  in 
order  that  the  plow  may  not  be  damaged  by  truck  play  and 
unevenness  of  track  and  slot  rails.  •  Where  the  car  moves  between  a 
conduit  section  and  a  trolley  section,  the  plow  is  removed  or  re- 
placed by  a  man  stationed  in  a  pit  at  the  junction  of  the  two  sections. 


SECTION  vn  . 

TRUCKS 

General  Classifk^atiofU  Trucks  are  of  two  general  classes, 
namely,  the  single  truck  and  the  double  truck.  The  latter  is  also 
often  allied  the  swivel  truck  or  the  bogie  truck. 

Single  Trucks.  (Figs,  i  to  5.)  Single  trucks  are  of  two  classes, 
namely,  parallel  axle  trucks  and  radial  axle  or  non-parallel  axle 
trucks.  The  length  of  wheel  base  of  the  truck  is  limited  by  track 
curvature.  The  radial  axle  truck  (Figs.  3  to  5)  was  developed  to 
make  possible  a  comparatively  long  wheel  base  giving  satisfactory 
operation  on  curves. 

Radial  Azle  Truck.  Fig.  3  shows  the  Warner  radial  axle  truck. 
Fig.  4  shows  the  Brill  radial  axle  truck,  and  Fig.  16  shows  the  swing 
link  of  this  truck  when  it  is  in  the  normal  (vertical)  and  extreme 
positions^  respectively.  When  this  truck  is  on  tangent  track  and 
the  link  is  in  an  upright  position,  the  truck  frame  rests  upon  both 
the  pins  at  the  lower  end  of  the  Hnk.  At  the  instant  the  wheels 
strike  an  irregularity  in  the  track,  one  of  these  pins  leaves  its  groove 
and,  due  to  the  resulting  displacement  of  the  link,  there  is  a  force 
tending  to  return  the  link  to  the  upright  position  and  to  draw  the 
axle  back  to  its  normal  position  on  leaving  the  irregularity.  Fig.  5 
shows  a  radial  axle  truck  on  a  low  level  type  car  to  take  24-in.  wheels 
and  ''dachshund''  motors.  This  truck  is  built  for  low  level  end 
drop  platform  cars  and  is  provided  with  ball  bearings. 

Double  Trucks.  (Figs.  6  to  15.)  Double  trucks  may  be  classi- 
fied as  fixed  bolster  trucks  or  swing  bolster  trucks.  The  fixed 
bolster  truck  is  one  in  which  the  truck  bolster  is  fixed  to  the  side 
frame  so  that  there  is  no  relative  motion  between  them.  The 
swin^  bolster  truck  is  one  in  which  the  truck  bolster  may  move 
relatively  to  the  side  frame  of  the  truck.  The  swing  bolster  truck 
is  better  suited  to  high-speed  service  than  the  fixed  bolster  truck 
and  it  is  generally  used  on  passenger  cars.  In  the  M.C.B.  type, 
the  swing  bolster  bears  on  springs  that  are  supported  by  a  trans- 
verse member  called  a  spring  plank,  which  is  suspended  by 
hangers  or  links  so  that  it  can  swing  laterally  to  the  truck.  As 
the  springs  rest  on  this  plank  and  they  support  the  bolster,  the 
latter  can  swing  with  the  spring  plank.  Other  types  of  swing 
bolster  trucks  have  been  developed,  modified  in  some  respects 
froin  that  described  above,  but  accomplishing  the  same  results. 
The  object  of  providing  the  swinging  motion  to  the  bolster  is  to 
prevent,  as  much  as  possible,  lateral  blows  and  shocks  from  being 
communicated  to  the  car  body  and,  vice  versdj  to  prevent  the 
momentum  of  the  car  body  from  acting  with  its  full  force  on  the 
truck  and  track. 

MaTimum  Traction  Truck.  (Figs.  13  to  15.)  The  maximum 
traction  (single-motor)  truck  is  suited  to  moderate  speed  service 
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RADIAL  AXLE  TRUCKS 


Fig.  4. — Brill  "Raduu" 
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HEAT-TREATED  AXLES  ,    427 

where  one  motor  per  truck  is  used  and  a  high  value  of  adhesion 
between  driving  wheels  and  rails  is  necessary.  This  truck  is  so 
constructed  that  from  60  to  80  per  cent,  of  tie  load  is  carried  by 
the  driving  wheels  on  tangent  track  and  a  part  of  this  is  trans- 
ferred to  the  trailing  wheels  when  the 
truck  is  on  a  curve.  The  driving  wheels 
of  the  Brill  maximum  traction  truck 
carry  75  per  cent,  of  the  load  when  on 
tangent  track.  When  this  truck  is  on  a 
curve  a  plate  attached  to  the  car  sills 
~P  and  inclining  downward  from  the  center 
i  compresses  a  spring  post  between  the 
S^  traihng  wheels  and  transfers  weight  from 
-T  the  driving  wheels  to  the  trailing  wheels. 
""*"'  I  Truck  Parts.    There  are  many  differ- 

PiG.   i6.---Swmg    link   of   ent  types  of  motor  trucks  which  have 

el?Sme  ^tbn8°°'°'^^  """"^  been  designed  in  various  ways  to  meet 

a  great  variety  of  conditions  of  construc- 
tion and  operation.  The  names  of  the  important  parts  of  some 
of  these  are  given  by  Figs,  i  to  16,  inclusive. 

Heat-treated  Carbon  Steel  Axles 

A  heat-treated  axle  is  one  which  is  allowed  to  cool  after  forcing, 
is  then  reheated  to  proper  temperature,  quenched  in  some  medium, 
and  then  reheated  to  the  proper  temperature  to  refine  the  ^ain. 
The  exact  treatment  of  a  particular  steel  depends  upon  its  chemical 
composition.  If  the  chemical  composition  of  an  existing  axle  be 
known,  the  axle  may  be  properly  heat  treated  and  then  turned  down 
to  a  smaller  size  for  service.  The  purpose  of  heat  treatment  of 
axles  is  to  relieve  the  internal  stresses  set  up  by  improper  cooling, 
also  to  so  rearrange  the  structure  of  the  steel  that  it  will  resist  the 
action  of  repeated  blows  which,  though  each  would  have  an  effect 
within  the  endurance  of  the  original  untreated  steel,  such  continued 
repetition  would  cause  the  untreated  steel  to  fail  by  crystalliza- 
tion. 

AM.R,E.A»  Standard  Sfecificaiions  for  Heat-treated  Carbon 
Steel  Axles,  Shafts  and  Similar  Parts.  (Also  adopted  as  standard 
by  the  American  Society  for  Testing  Materials,) 

Process  of  Manufacture:  i.  Steel  imder  this  specification  shall 
be  made  by  the  open-hearth  or  other  approved  process. 

Discard:  2.  A  sufficient  amount  of  discard  must  foe  made  from 
each  ingot  to  insure  freedom  from  piping  and  imdue  segr^ation. 

Chemical  Compositions:  3.  The  steel  shall  conform  to  th^ 
following  limits  in  chemical  composition: 

Carbon not  over  0.60  per  cent. 

Manganese 0.40  to  0.80  per  cent. 

Phosphorus not  over  cos  per  cent. 

Sulphur not  over  0.05  per  cent. 

Samples  for  Chemical  Analysis:  4.  Drillings  shall  be  taken  from 
the  crop  end  of  one  axle,  shaft  or  similar  part  from  each  melt 
represented,  parallel  to  the  axis  on  any  radius  one-half  the  distance 
from  the  center  to  circumference,  to  determine  whether  the  chemical 
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composition  of  the  heat  is  within  the  limits  specified  in  Paragraph 
3.  In  addition  to  the  complete  analysis,  the  purchaser  has  a 
right  to  call  for  a  phosphorus  determination,  to  be  made  from 
the  turnings  from  each  tensile  test  specimen,  and  the  phosphorus 
must  show  within  the  limits  called  for  by  Paragraph  3. 
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Approx.  Wt.  E.D.  1050  lb.    Designed  to  carry  38,000  lb.  per  axle 
Fig.  17. — A.E.R.E. A.  standard  motor  axles. 

Tensik  Tesi:  5.  The  steel  shall  conform  to  the  following  mini- 
mum physical  properties: 

Ultimate  strength,  pounds  per  square  inch 85,000 

Elastic  limit,  pounds  per  square  mch 50,000 

Elongation  in  2  in.,  per  cent 22 

Reduction  of  area,  per  cent 45 

The  elastic  limit  shall  be  determined  by  extensometer.  Above 
40,000  lb.  per  square  inch,  each  increment  of  load  shall  be  not  more 
than  1000  lb.  per  square  inch. 

Specimen  for  Tensile  Test:  6.  The  test  specimen  as  shown  by 
Fig.  19,  0.5  in.  diameter  and  2  in.  gage  length,  shall  be  used  to 
determine  the  physical  properties  as  spedned  in  Paragraph  5. 
Test  specimens  shall  be  taken  from  the  crop  end  of  one  axle,  sl^aft, 


STANDARD  AXLES 


439 


or  similar  part,  from  each  treating-plant  heat;  if  more  than  one  open- 
hearth  heat  is  represented  in  a  treating-plant  heat,  a  test  shaU  be 
taken  from  each  open-hearth  heat  represented.  A  full-size  pro- 
longation shall  be  left  on  each  axle,  shaft,  or  similar  part. 

Cold  Bend  Test:  7.  A  cold  bend  test  shall  be  made  from  the 
crop  end  of  one  axle,  shaft,  or  similar  part,  from  each  treating- 
plant  heat;  if  more  than  one  open-hearth  heat  is  represented  in  a 
treating-plant  heat,  a  test  shall  be  taken  from  each  open-hearth 
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Approz.  Wt.  430  lb.    Designed  to  carry  15,000  lb.  per  axle 
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Approz.  Wt.  S30  lb-    Designed  to  cany  33,000  lb.  per  axle 
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Approx.  Wt.  680  lb     Designed  to  carry  31,000  lb.  per  axle 
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Approx.  Wt.  830  lb.    Designed  to  carry  38,000  lb.  per  axle 
Pig.  18. — M.C.B.  standard  axles  for  trailers. 

heat  represented.  The  test  shall  be  made  with  a  H  in.  square  speci- 
men not  exceeding  6  in.  in  length,  around  a  round  mandrel,  of  H 
in.  radius,  and  the  specimen  shall  bend,  without  fracture  180  deg. 
around  said  mandrel. 

Explanatory  note:  The  mandrel  usually  employed  is  shaped 
with  one  side  to  rfve  a  half  inch  radius  as  desir^  while  the  other 
side  is  prolonged  to  take  the  thrust  of  the  top  head  of  the  test- 
ing^ machine,  thus  producing  a  mandrel  whose  general  shape  is 
that  of  a  hanuner  head  with  a  flat.pein,  the  flat  pein  of  haJf  inch 
radius  to  insure  proper  testing  of  the  piece  as  "around  a  half  inch 
radius  mandrel"  (Fig.  ^o). 
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Location  of  Specimens  for  Tensile  Tesi  and  CM  Bend  Test: 
8.  Specimens  for  tensile  test  and  cold  bend  test  shall  be  taken 
parallel  to  the  axis  of  the  axle  or  shaft  and  on  any  radius  one-half 
the  distance  from  the  center  of  the  circumference. 

Retesting:  9.  In  case  the  physical  results  obtained  from  any 
lot  of  axles,  shafts,  or  similar  parts,  do  not  conform  to  those  called 


■iOT.Kmm 


•4^- 


'"  67.15mxi~*— ' 
-^^ — 


— *h^- 


LOB^J 


——' — 60;6mm  — 
Fig.  19. — A.E.R.B.A.  standard  tensile  test  specimen  for  axle  steel. 

for  by  Paragraphs  5  and  7,  the  manufacturer  shall  have  the  privi- 
lege of  retreating  such  parts,  from  which  new  tests  shall  be  taken 
by  the  purchaser  and  these  shall  govern  the  acceptance  or  rejection 
of  the  lot. 

Heat'  Treatment:  10.  Each  axle,  shaft,  or  similar  part  shall  be 
allowed  to  become  cold  after  forging,  ^aU  then  be  reheated  to 
the  proper  temperature,  quenched  in  some  medium,  allowed  to  cool, 
and  then  reheated  to  the  proper  temperature  for  annealing. 

Warped  Axles  or  Shafts:  11.  Warped  axles  or  shafts  or  similar 

parts  must  be  straightened  hot;  that  is,  at  a 
temperature  above  900  deg.  F.,  and  before 
offering  the  part  for  tests. 

Quality:  12.  All  axles,  shafts  or  similar  parts 
sh^l  be  free  from  cracks,  seams,  flaws,  or  other 
injurious  imperfections  when  finished.  Those 
which  show  such  defects  while  being  finished  by 
the  purchaser  will  be  rejected  and  returned  to 
the  manufacturer,  who  must  pay  return  freight. 
Finish:  13.  All  axles,  shafts,  and  similar 
parts  must  be  rough-turned  with  an  allowance 
of  H  in.  on  surface  for  finishing,  except  on  axle  collar,  which  is  to 
be  left  rough-forged.  Turning  must  be  done  on  do-deg.  centers 
with  clearance  drilled  at  point. 

Branding:  14.  The  heat  number  shall  be  stamped  on  the  rough- 
forged  collar.  After  rough-turning,  the  manufacturer's  name,  heat 
number,  individual  axle  or  shaft  number,  and  inspector's  ntark 
shall  be  stamped  at  place  indicated  by  the  purchaser  except  at  any 
point  between  the  rough  collars. 

Inspection:  15.  The  inspector  repres^itix^  the  purchaser  shall 
have  free  entry  at  ail  times,  while  his  contract  is  bemg  executed,  to 
all  portions  of  the  manufacturer's  shop  which  concerns  the  manu- 
facture  of   material  ordered.    All  reasonable  facilities  shall  be 
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Fig.  20. — Mandrel 
for  cold  bend  test, 
axle  steel. 
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afforded  to  the  inspector  by  the  manufacturer  to  satisfy  him  that  the 
axles,  shafts,  and  similar  parts  are  being  furnished  in  accordance 
with  the  specifications.  All  tests  and  inspection  shall  be  made  at 
the  place  of  manufacturer  prior  to  shipment  and  free  of  cost  to  the 
purdiaser.  The  purchaser  shall  have  the  right  to  make  tests  to 
govern  the  acceptance  or  rejection  in  his  own  test  room  or  else- 
where, as  may  be  decided  by  the  purchase,  such  test,  however,  to 
be  made  at  the  expense  of  the  purchaser  and  to  be  made  prior  to 
the  shipment  of  the  material.  Unless  otherwise  arranged,  any 
protest  based  on  such  tests  must  be  made  within  6  days,  to  be 
valid.  Tests  and  inspection  shall  be  so  conducted  as  not  to  inter- 
fere unnecessarily  with  the  operation  of  the  mill. 

Cold  Rolled  Steel  Axles 

Specificattons  for  Cold  Rolled  Steel  Axles,  (A.E.R.E.A.  Recom- 
mended Specifications.) 

Process  of  Manufacture:  i.  Steel  under  this  specification  shall 
be  made  by  the  open-hearth  or  other  approved  process.  All  axles 
must  be  coldYoUed  to  finished  size  from  hot  rolled  bars.  Finished 
sizes  must  not  vary  more  than  two  thousandths  of  an  inch  above  or 
below  the  required  size. 

Discard:  2.  A  sufficient  amount  of  discard  must  be  made  from 
each  iQgot  to  insure  freedom  from  piping  and  undue  segregation. 

Chemical  Composition:  3.  The  steel  shall  conform  to  the  follow- 
ing limits  in  chemical  composition : 

Carbon not  over  0.40  per  cent. 

Manganese 0.40  to  0.80  per  cent. 

Phosphorus not  over  0.04  per  cent. 

Sulphur not  over  0.05  per  cent. 

Samples  for  Chemical  Analysis:  4.  Drillings  shall  be  taken 
from  the  crop  end  of  one  axle  from  each  melt  represented,  parallel 
to  the  axis  on  any  radius  one-half  the  distance  from  the  center  to 
drciuxiference,  to  determine  whether  the  chemical  composition  of 
the  heat  is  within  the  limits  specified  in  Paragraph  3.  In  addition 
to  the  ladle  analysis,  the  purchaser  may  have  a  phosphorus 
determination  made  from  the  turnings  or  borings  taken  from  each 
tensile  specimen,  and  the  phosphorus  in  every  specimen  must  be 
within  25  per  cent,  of  the  limit  given  in  Paragraph  3. 

Tensile    Test:    5.  The    steel  shall  conform  to    the  following 

minimum  physical  properties: 

Ultimate  strength,  pounds  per  square  inch 70,000 

Elastic  limit,  pounas  per  square  inch 60,000 

Elongation  in  2  in.,  per  cent 18 

Reduction  of  area,  per  cent 3S 

The  elastic  limit  shall  be  determined  by  extensometer. 

Specimen  for  Tensile  Test:  6.  The  test  specimen,  as  shown  by 
Fig.  19,  0.5  in.  diameter  and  2  in.  gage  length,  shall  be  used  to  de- 
termine the  physical  properties  specified  in  Paragraph  5.  Test 
specimens  shall  be  taken  to  represent  each  50  axles,  or  less  made 
from  the  same  melt. 

Cold  Bend  Test:  7.  A  cold  bend  test  shall  be  taken  from  each 
50  axles  or  less,  made  from  the  same  melt.  The  test  shall  be  made 
wiUi  H  iA.  square  specimen,  not  exceeding  6  in.  in  length,  around 
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a  I  in.  flat  mandrel  having  a  rounded  edge  of  ^  in.  radius  (Fig. 
20)  and  the  specimen  shall  bend,  without  fracture,  x8o  deg.  around 
the  said  mandrel. 

Location  of  Specimens  for  Tensile  Test  and  Cold  Bend  Test:  8. 
Specimens  for  tensile  test  and  cold  bend  test  shall  b^  taken  parallel 
to  the  axis  of  the  axle  and  on  any  radius  one-half  the  distance  from 
the  center  to  the  circumference. 

Finish:  9.  All  axles,  either  finished  or  plain,  shall  be  straight 
and  free  from  cracks,  flaws,  seams  or  other  injurious  imperfections 
when  finished.  Those  which  show  such  defects  while  being  finished 
by  Uie  purchaser  will  be  rejected  and  returned  to  the  manufacturer 
who  must  pay  return  freight. 

Centering:  10.  When  centering  is  required,  60-deg.  centers 
with  clearance  provided  at  point  of  shop  lathe  centers,  shall  be 
used  unless  otherwise  specified. 

Branding:  11.  Each  axle  shall  be  stamped  with  the  heat 
number,  maker's  brand  and  year.  Unless  otherwise  indicated 
these  marks  are  to  be  stamped  at  about  the  middle  of  the  length  of 
the  axle.  The  manufacturer  shall  also  permit  the  inspector  to 
place  his  stamp  on  each  axle. 

Inspection:  12.  The  inspector  representing  the  purchaser  shall 
have  free  entry,  at  all  times  while  his  contract  is  being  executed,  to 
all  portions  of  the  manufacturer's  shop  which  concerns  the  manu- 
facture of  material  ordered.  All  reasonable  facilities  shall  be 
afforded  to  the  inspector  by  the  manufacturer  to  satisfy  him  that  the 
axles  are  being  furnished  in  accordance  with  the  specifications.  All 
tests  and  inspection  shall  be  made  at  the  place  of  manufacture 
prior  to  shipment  and  free  of  cost  to  the  purchaser.  The  purchaser 
shall  have  the  right  to  make  tests  to  govern  the  acceptance  or  rejec- 
tion in  his  own  test  room,  or  elsewhere,  as  may  be  decided  by  the  pur- 
chaser, such  test,  however,  to  be  made  at  the  expense  of  the  pur- 
chaser and  to  be  made  prior  to  the  shipment  of  the  material.  Unless 
otherwise  arranged,  any  protest  based  on  such  inspection  must  be 
made  witlun  6  days,  to  be  valid.  Tests  and  inspection  shall  be 
so  conducted  as  not  to  interfere  unnecessarily  with  the  operation 
of  the  mill. 

"^  Annealed  Carbon  Steel  Axles 

Specifications  for  Annealed  Carbon  Steel  Axles ^  Shafts  and  Similar 
Farts,    (A.E.R.E.A.  Recommended  Specification.) 

Process  of  Manufacture:  i.  Steel  under  £his  specification  shall 
be  made  by  the  open-hearth  or  other  approved  process. 

Discard:  2.  A  sufficient  amount  of  discard  must  be  made  from 
each  ingot  to  insure  freedom  from  piping  and  undue  segregation. 

Chemical  Composition:  3.  The  steel  shall  conform  to  the  fol- 
lowing limits  in  chemical  composition: 

Carbon not  over  o. 60  per  cent. 

Manganese 0.40  to  0.60  per  cent. 

Phosphorus not  over  o .  04  per  cent. 

Sulphur not  over  o. 05  per  cent. 

Samples  for  Chemical  Analysis:  4.  Drillings  shall  be  taken 
from  the  crop  end  of  one  axle,  shaft,  or  similar  part  from  each  melt 
represented,  parallel  to  the  axis  on  any  radius  one-half  the  distance 
from  the    center   to   circumference,  to  determine  whether  the 
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chemical  composition  of  the  heat  is  within  the  limits  specified  in 
Paragraph  3.  In  addition  to  the  complete  analysis  the  purchaser 
may  have  a  phosphorus  determination  made  from  turnings  or  bor- 
ings taken  from  each  tensile  test  specimen  and  the  phosphorus  in 
every  specimen  must  not  be  more  than  25  per  cent,  above  the  limit 
given  in  Paragraph  3. 

Tensile '  Test:  5.  The  steel  shall  conform  to  the  foUowing 
fT^inim^im  physical  properties,: 

Ultimate  strength,  per  square  inch 80.000  lb. 

Elastic  limit. . .  .^ 44,000  lb. 

Elongation  in  2  in.,  per  cent 22 

Redaction  of  area,  per  cent 3S 

Elastic  limit  shall  be  determined  by  extensometer. 

Specimen  for  Tensile  Test:  6,-  The  test  specimen,  as  shown  by 
Fig.  19,  0.5  in.  diameter  and  2  in.  gage  length,  shall  be  used  to 
determine  the  physical  properties  as  specified  in  Paragraph  5. 
Test  specimens  shall  be  taken  from  the  crop  end  of  one  axle,  shaft, 
or  simUar  part,  from  each  annealed  heat;'  if  more  than  one  open- 
hearth  heat  is  represented  in  the  annealed  heat,  a  test  is  to  be  taken 
from  each  open-nearth  heat  represented.  A  full-size  prolongation 
shall  be  left  on  each  axle,  shaft,  or  similar  part. 

CM  Bend  Test:  7.  A  cold  bend  test  shall  T>e  made  from  the 
crop  end  of  one  axle,  shaft,  or  similar  part  from  each  heat;  if  more 
than  one  open-hearth  heat  is  represented  in  a  heat,  a  test  shall  be 
taken  from  each  open-hearth  neat  represented.  The  test  shall 
be  made  with  a  H  in.  sqiiare  specimen  not  exceeding  6  in.  in  length, 
around  a  T-in.  fiat  maiidrel,  having  a  rounded  edge  of  ^  in.  radius, 
and  the  specimen  shall  bend  without  fracture  180  deg.  around  said 
mandrel.  The  test  shall  be  made  by  steady  pressure  or  by  blows. 
The  form  and  dimensions  of  the  mandrel  are  shown  in  Fig.  20. 

Location  of  Specimens  for  Tensile  Test  and  Cold  Bend  Test: 
8.  Specimens  for  tensile  test  and  cold  bend  test  shall  be  taken 
parallel  to  the  axis  ctf  the  axle  or  shaft  and  on  any  radius  one-half 
the  distance  from  the  center  to  the  circumference. 

Re-testing:  9.  In  case  the  physical  results  obtained  from  any 
lot  of  axles,  shafts,  or  similar  parts  do  not  conform  to  those  called 
for  by  Paragraphs  5  and  7,  the  manufacturer  shall  have  the  privilege 
of  re-annealing  such  parts,  from  which  new  tests  shall  be  taken  by  the 
purchaser,  and  these  shall  govern  the  acceptance  or  rejection  of  the 
lot. 

Annealing:  10.  Each  axle,  shaft,  or  similar  parts  shall  be  al- 
lowed to  become  cold  after  forging,  shall  then  be  re-heated  to  the 
proper  temperature  for  annealing,  allowed  to  cool  slowly  (in  furnace) 
in^an  approved  manner. 

Warped  Aodes  or  Shafts:  11.  Warped  axles  or  shafts  or  similar 
parts  must  be  straightened  hot;  that  is,  at  a  temperature  above 
900  deg.  F.,  and  before  offering  the  parts  for  test. 

QualUy:  12.  All  axles,  shafts,  and  similar  parts  shall  be  free 
from  cracks,  flaws,  seams,  or  other  injurious  imperfections  when 
finished.  Those  which  show  such  defects  while  being  finished  by 
the  purchaser  will  be  rejected  and  returned  to  the  manufacturer, 
who  must  pay  return  freight. 

Finish:  13.  All  axles,  shafts,  and  similar  parts  must  be  rough- 
turned  with  an  allowance  of  H  in«  on  surface  for  finishing,  except 
28 


434  ELECTRIC  RAILWAY  HANDBOOK 

on  axle  collars,  which  are  to  be  left  rough-forged.  Turning  must  be 
done  on  6o-deg.  centers  with  clearance  drilled  at  point. 

Branding:  14.  The  heat  number  shall  be  stamped  on  the  rough- 
forged  collar.  After  rough-tiiming,  the  manufacturer's  name,  heat 
number,  individual  axle  or  shaft,  and  inspector's  mark  shall  be 
stamped  at  a  place  indicated  by  the  purchaser,  except  at  any  point 
between  the  rough  collars. 

Inspection:  15.  The  inspector  representing  the  purchaser  shall 
have  free  entry,  at  all  times  while  his  contract  is  being  executed,  to 
all  portions  of  the  manufacturer's  shop  which  concerns  the  manu- 
facture of  material  ordered.  All  reasonable  facilities  shall  be 
afforded  to  the  inspector  by  the  manufacturer  to  satisfy  him  that  the 
axles,  shafts  and  similar  parts  are  being  furnished  in  accordance  with 
the  specifications.  All  tests  and  inspection  shall  be  made  at  the 
place  of  manufacture  prior  to  shipment  and  free  of  cost  to  the 
purchaser.  The  purchaser  shall  have  the  right  to  make  tests  to 
govern  the  acceptance  or  rejection  in  his  own  test  room,  or  else- 
where, as  may  be  decided  by  the  purchaser,  such  test,  however,  to 
be  made  at  the  expense  of  the  purchaser  and  to  be  made  prior  to  the 
shipment  of  the  material.  Unless  otherwise  arranged,  any  protest 
based  on  such  td^ts  must  be  made  within  6  days,  to  be  valid. 
Tests  and  inspection  shall  be  so  conducted  as  not  to  interfere 
unnecessarily  with  the  operation  of  the  mill. 

Axle  Straigjitening.  A  screw  press  has  been  successfully  used  to 
straighten  axles  and  shafts  (see  page  306).  A  wheel  press  also  has 
been  used  for  this  purpose.  The  bent  axle  is  first  mounted  be- 
tween adjustable  centers,  the  distorted  section  is  chalked  off  and  the 
axle  is  i^aced  at  right  angles  to  the  wheel  press.  The  head  of  the 
press  carries  a  recessed  block  toehold  the  axle  in  position  and  a 
bearing  block  is  placed  between  the  axle  and  the  piston  face. 

Locating  a  Crack  in  Axle.  The  usual  location  of  a  crack  in  a  car 
axle  is  near  key  way  or  shoulder.  It  is  almost  impossible  to  find  a 
crack  until  the  axle  has  been  removed  from  the  truck.  One  method 
of  locating  a  crack  is  to  wipe  the  axle  clean  and  allow  it  to  stand  for  a 
minute  or  two.  After  this  a  crack  may  be  indicated  by  black  grease 
oozing  from  it.  A  lens  will  assist  in  finding  this  indication.  In  a 
doubtful  case  the  axle  is  sometimes  suspended  and  struck  several 
blows  to  cause  it  to  vibrate  and  thus  force  the  grease  out  of  the 
crack. 

Axle  Life.  Fachrs  Other  than  CrysiaUizaUon  which  Determine 
the  Life  of  an  Axle,  The  following  are  replies  in  the  1908  Question 
Box,  A.E.R.E.A.  to  the  xiuestion:  What  factors  determine  the 
limit  of  life  of  car  axles  or  when  should  axles  be  scrapped? 

M.  M,  Uoydj  East  St.  Louis  6*  Suburban  Ry.  Co.,  East  St.  Louis: 
When  worn  He  in.  below  original  size  on  motor  axle  bearings  and  on 
journal  bearings.  W*  M,  Roberts,  Northern  Ohio  Traction  6*  Light 
Co,,  Akron,  Ohio,  When  Hs  in.  below  original  size.  /.  H.  Adams, 
Augusta-Aiken  Ry,  d*  Light  Co,,  Augusta.  Ga,  Small  size,  worn 
spots,  journals  too  small,  small  wheel  seats.  C.  D,  Emmons,  Ft. 
Wayne  6*  Wabash  Va^ey  Traction  Co.,  Ft.  Wayne.  Ind.  Breakages 
and  wear  of  journals.  D.  A .  Hegarty,  LUtUiRock  Railway  6*  Electric 
Co.,  Little  Rdick,  Ark,    The  wear  of  the  journal  solely. 

Following  are  relies  in  the  191 1  Question  Box,  A.KR.E.  A.  to  the 
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question:  What  is  the  maximum  number  of  miles  that  a  high- 
speed interurban  car  axle  should  make  before  it  is  scrapped,  as 
a  safeguard  against  having  broken  axles? 

Wm,  Roberts,  Northern  Ohio  Traction  6*  Light  Co,,  Akron,  Ohio, 
300,000  miles.  C.  D,  Cass,  Waterloo,  Cedar  Falls  &•  Northern  Ry, 
Co,,  Waterloo,  Iowa,  High-speed  interurban  axle  should  never  be 
scrapped  as  a  safeguard  against  having  broken  axles,  unless  it  shows 
a  flaw.  After  an  axle  has  been  in  service  a  considerable  length  of 
time  and  it  is  necessary  to  turn  journals  and  change  wheels,  this 
axle  should  be  annealed.  After  the  annealing  process,  if  a  flaw 
shows  Up  in  the  axle,  it  should  then  be  scrapped,  and  I  consider  it 
perfectly  safe  unless  a  flaw  is  discovered.  Geo,  M,  Knox,  Oklahoma 
Ry,  Co,,  Oklahoma  City,  Okla,  500,000  miles.  E,  M,  JJoyd,  British 
Columbia  Elec.  Ry,,  Ltd,,  Vancouver,  B,  C,  Would  recommend 
200,000  miles.  Axles  should  be  tested  for  cracks  whenever  wheels 
are  changed. 


Chart  Showing   Types  and   Weights   op   3 3 -in.    Cast-iron 

Wheels  Recommended  for  City  and  Interurban 

Service  by  the  Grittin  Wheel  Co. 


33  Cvrred  Ann  Ohuinel  Spoke  Wheel 


33^  F.0.8.  Wheel 


Weight 
of  car 


Citjr  service, 
aH-ixi.  tread 


Spoke 


F.C.S. 


Light   inter- 
urban service, 
3-in.  tread 


Spoke 


F.C.S. 


Weight 
of  car 


Size  of 

axle, 

(See  p.  428) 


Heavy 
inter- 
urban 

service, 

tread 


Heavy 
inter- 
urban 
service, 
M.C.B. 
Flg.& 
Trd. 


P.CS 


F.C.S. 


33,000 


36,000 


40,000 


44,000 


48,000 


52,000 


56,000 


60,000 


64,000 


68,000 


440 


460 


480 


500 


520 


540 


560 


580 


600 


620 


480 


500 


520 


540 


560 


580 


600 


490 


510 


550 


570 


590 


610 


510 


530 


550 


570 


590 


610 


630 


650 


55.000 


60,000 


65,000 


70,000 


75. 000 


80,000 


85,000 


90,000 


95.000 


100,000 


E.B. 


E.B. 


E.B.-i 


E.B.-i 


E.G. 


E.C. 


E.C.-i 


E.C- 1 


E.D. 


E.D. 


640 

67X> 

660 

690 

680 

710 

700 

730 

720 

750 

740 

770 

790 

810 

• 

^30 



850 

Notb:    Weights  of  wheels  in  the  above  table  are  for  cars  operated  und'^' 
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Pig.  21. — Griffin  Wheel  Co.  P.C.S.  cast-iron  wheel. 

Effect  of  Dimensions  on  Weight  of  Cast-iron  WheeL  Consider- 
ing cast-iron  wheels  of  the  same  general  design,  a  36-in.  wheel  will 
weigh  approximately  100  lb.  more  than  a  33-in.  wheel,  and  a  30- 
in.  wheel  will  weigh  approximately  75  lb.  less  than  a  33-in.  wheel. 
Increasing  the  width  of  tread  affects  the  weight  of  wheel  approxi- 
mately as  follows: 

Increase  in  weight  of  wheel 
Diameter  of  wheeU  in.  per  inch  increase  in  width  of 

tread,  lb. 
36  60 

33(  SO 

30  40 

34  33 

30  34 

Wheel  Grinding.  Chilled  cast-iron  wheels  which  would  have 
been  removed  from  service  because  of  worn  flat  spots,  slight  chip- 
ping, worn  tread,  or  sharp  flange  have  been  made  to  give  from  25 
to  40  per  cent,  more  service  by  grinding.  By  dose  attention  to  the 
grinding  oi^t  of  fiat  spots  track  and  truck  maintenance  costs  have 
been  reduced  in  addition  to  securing  the  increased  mileage. 
Whether  the  wheel  is  worn  out  or  another  grinding  will  be  eco- 
nomical may  be  decided  from  a  comparison  of  the  worn  diametfr 
or  circumference  with  the  original  depth  of  the  chill.  A  hign 
abrasive  such  as  emery  or  alundum  in  the  form  of  a  block  or  wheel 
has  been  used  for  the  grinding.  The  best  practice  is  to  grind  both 
mating  car  wheels^  thus  maintaining  the  same  diameter  for  both. 
A  method  of  grindmg  out  flat  stx>ts  employed  on  many  roads  is  to 
use  a  brake-shoe  of  abrasive  material  until  the  flat  spot  is  ground 
out.  This  method  calls  for  close  watching  in  order  that  the  grinding 
shoe  may  be  removed  as  soon  as  the  flat  spot  is  eliminated.  A 
BMthod  which  has  been  used  with  success  is  to  jack  up  the  end  of 
thR  car  which  carries  the  flat  wheel  and  spin  that  wiieel  against  a 
block  of  the  abrasive  while  the  other  pair  of  wheels  is  blocked. 
The  use  of  the  abrasive  in  the  form  of  a  grinding  wheel  in  a  grinding 
machine  is  most  satisfactory.  A  separate  grinding  wheel  is  used 
for  each  of  the  mating  car  wheels.  The  car  wheels  and  grinding 
wheels  are  revolved  in  opposite  directions  and  the  dust  is  con- 
ducted away  by  a  blower.    The  car  wheeb  are  revolved  at  10  to 
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15  r.p.m.  The  grinding  wheels  are  from  14  to  18  in,  in  diameter  by 
from  2  to  2H  in.  in  thickness  and  have  a  peripheral  speed  of  about 
5000  ft.  per  minute.  In  some  machines  the  feed  is  automatic.  The 
power  required  depends  upon  the  rapidity  of  grinding,  but  for 
ordinary  work  it  amounts  to  about  10  h.p.  There  are  two  general 
types  of  grinding  machine;  the  floor  grinder  and  the  pit  grinder. 
In  using  the  floor  grinder  the  axle  carrying  the  pair  of  wheels  to  be 
ground  is  removed  from  the  truck  and  moimted  in  bearings  in  the 
grinder,  a  sprocket  wheel  is  fastened  to  the  axle  and  it  is  revolved 
by  a  chain  driven  by  the  motor  which  drives  the  wheels.  In  the 
pit  grinder  the  end  of  the  car  carrying  the  flat  wheel  is  raised,  a 
short  piece  of  rail  is  removed  from  beneath  each  of  the  wheds  to 
be  ground,  the  grinding  wheels  are  adjusted  to  the  wheel  treads  in 
place  of  the  rails  removed  and  the  car  motor  driving  the  pair  of 
wheels  being  ground  is  run  with  the  controller  on  the  first  notch 
and  a  water  rheostat  is  used  in  place  of  the  regular  grid  resistor. 
If  trailer  wheels  are  to  be  ground  a  sprocket  wheel  is  attached  to 
their  axle  and  is  driven  by  the  grinder  motor.  The  removal  of 
ordinary  flat  spots  requires  from  10  to  40  minutes  actual  grinding. 
It  has  been  found  advantageous  to  grind  chilled  cast-iron  wheels 
after  moimting  them  and  before  putting  them  into  service.  Such 
grinding  will  correct  for  possible  defects  and  thus  aid  in  securing 
the  most  satisfactory  wheel  service.  Wheels  may  thus  be  brought 
to  the  same  diameter,  wheels  out  of  round,  or  warped,  may  be  trued, 
and  in  case  the  axle  has  not  been  turned  perfectly,  the  wheels  bored 
not  in  the  center,  or  the  wheel  improperly  pressed  onto  the  axle, 
grinding  the  wheel  will  make  the  wheel  tread,  flange  and  journal 
coaxial. 


Solid  Wrought  Carbon-Steel  Wheels  for  Electric  Railway 
Service    (A.E.R.E.A.  Standard  Specification) 

Process:  i.  Steel  for  wheels  shall  be  made  by  the  open-hearth 
process. 

Discard:  2.  A  sufficient  discard  shall  be  made  from  each  ingot 
ta  secure  freedom  froih  injtirious  pipes  and  undue  segregation. 

Chemical  Composition:  3.  The  steel  shall  conform  to  the 
following  limits  in  chemical  composition: 

Acid  steel  Basic  steel 

Carbon '. 0.60  to  o.  80  per  cent.  0.65  to  0. 8"s  per  cent. 

Manganese 0.60  to  0.80  per  cent.  0.60  to  o.  80  percent. 

Silicon ,  o.  15  to  o. 35  per  cent,  o.  10  to  0.30  percent. 

Phosphorus,  not  over. .  0 .  05  per  cent.  Q .  OS  per  cent. 

Sulphur,  not  over 0.05  per  cent.  0.05  per  cent. 

Sample  for  Chemical  Analysis  {Ladle  Analysis):  4,  To  detiermine 
whether  the  material  conforms  to  the  requirements  specified  in 
Section  3,  an  analysis  shall  be  made  by.  the  manufactiu'er  from  a 
test  ingot  taken  during  the  pouring  of  each  mdt.  A  copy  of  these 
analyses,  together  with  the  necessary  identifying  records,  shall  be 
furnished  to  the  purchaser  or  his  representative. 

Check  Analysis:  5.  A  check  analysis  may  be  made  by  the 
purchaser  of  drillings  obtained  by  drilling  through  the  plate  of  one 
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wheel,  selected  at  random  from  each  heat,  two  holes  of  suitaUe 
size,  ninety  (90)  degrees  apart,  and  so  located  as  not  to  impair  the 
iisef ulness  of  the  wheel,  drilling  for  analysis  being  by  boring  entirely 
through  the  plate  of  the  wheel  parallel  to  the  axis  of  the  wheel. 
Drillings  shall  be  clean  and  free  from  scale  or  other  foreign  sub- 
stances,  and  may  be  analyzed  either  separately  or  mixed,  at  the 
discretion  of  the  engineer.  Analyses  from  these  drillings  shall 
conform  to  the  requirements  specified  in  Section  3  and  shall  not 
vary  more  than  ten  (10)  points  in  carbon  from  the  heat  analysis, 
and  when  analyzed  separately  shall  not  vary  more  than  ten 
(10)  points  in  carbon  from  each  other,  except  that,  if  analyses  of 
drillings  vary  more  than  ten  (10)  points  in  carbon  from  the  heat 
analysis  but  still  fall  within  the  limits  specified  in  Section  3,  then 
drillmgs  from  two  additional  wheels  from  the  heat  so  varying  may 
be  taken  and  the  average  of  the  analyses  from  the  three  wheels 
substituted  for  the  analysis  from  the  test  ingot,  as  the  heat 
analysis. 

Finish:  6.  All  wheels  shall  be  free  from  injurious  seams,  cracks, 
laminations  or  other  defects  detrimental  to  strength  or  service. 
Wheels  for  inspection  must  not  be  painted  or  covered  with  any 
substance  to  in  any  way  hide  defects,  nor  rusted  to  such  an  extent 
as  to  hide  defects. 

Workmanship:  7.  Wheels  are  to  be  furnished  with  rim  contours 
machined  and  to  the  tolerances  designated  as  (b)  except  that  when 
service  conditions  permit  and  when  agreed  to  by  the  purchaser,  rim 
contours  may  be.  either  unmachined  or  machin^  and  shall  conform 
to  tolerances  (a).  All  dimensions  shall  conform  to  the  dimensions 
of  Drawing  No.  — ,  which  is  made  a  part  hereof,  subject  to  the 
tolerances  designated.     (See  Fig.  22.) 

Height  of  Flange:  7  (a)  The  height  of  the  flange  shall  not  vary 
from  the  dimension  spedfled  more  than  (a)  He  in.  or  (jb)  Hs  in* 

Thickness  of  Flange:  7  (ft)  The  thickness  of  flange  shall  not  vary 
from  the  dimension  specified  more  than  {a)  Ha  in.  or  (6)  H3  in. 

Radius  of  Throat:  7(c)  The  radius  of  throat  shall  not  vary  from 
the  dimension  specified  more  than  (a)  He  in.  or  (b)  Ha  in. 

Thickness  of  Rim:  7(d)  The  thickness  of  rim  shall  not  vary  from 
the  dimension  specified  more  than  h  in.  over  or  H  in.  under. 

Width  of  Rim:  y(e)  The  width  of  rim  shall  not  vary  from  the 
dimension  specified  more  than  (a>  H  in.  or  (6)  H«  in. 

Thickness  of  Plate:  7 (J)  The  thickness  of  plate  shall" not  vary 
from  the  dimension  specified  more  than  Ha  in.  per  \i  in.  thickness  of 
plate.  ■  ' 

Limit  Groove:  7(g)  When  limit  groove  is  specified,  the  location 
of  the  center  of  limit-of-wear  groove  shall  not  vary  from  the  dimen- 
sion specified  more  than  H«  in* 

Diameter  of  Bore:  y(h)  The  diameter  of  bore  shall  not  vary  from 
that  specified  more  than  H«  in.  over  or  H  in.  under.  When  not 
^)edfied,  the  diameter  of  rough  bore  shall  be  H  in*  less  than  the 
diameter  of  finished  bore,  subject  to  the  above  limitations. 

Diameter  of  Hub:  y(i)  The  diameter  of  hub  shall  not  be  less,  but 
may  be  U  in.  more  than  that  specified,  but  the  thickness  of  wall  of 
the  finished  bored  hub  shall  not  be  less  than  i  in.  at  any  point  for 
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bores  up  to  6  in.  in  diameter,  and  not  less  tbon  i  M  in-  for  bores  over 
6  in.  in  diameter  unless  otherwise  specified. 

Eccenfricily  of  HiJt:    ■jiii)  The  thic^ess  of  hub  wall  shall  not 
vary  more  than  a  in.  between  any  two  points  in  the  diameter  of  the 


Mj  ii 

Black  Spots  on  Hub:    ;(/)  Black  spots  deeper  than  vij  in.  will 
not  be  permitted  in  rough  bore  within  two  (2)  inches  of  dther  face 

Eccentricity  of  Bore:     ^{m)  The  eccentricity  of  bore  between  the 
center  line  of  tread  and  center  Une  of  rough  bore  shall  not  exceed 


STEEL  WHEELS 


441 


RotundUy:  7(0)  Wheels,  except  those  with  full  machined 
contour  shall  be  gaged  with  a  ring  gage  and  the  opening  between 
the  gage  and  tread,  at  any  point,  shall  not  exceed  Me  in. 

Plane:  7(p)  Wheels  shall  be  gaged  with  a  ring  gage  concentric 
with  and  perpendicular  to  the  axis  of  the  wheel*  All  points  on  the 
gage  Une  equidistant  from  the  center  and  the  center  fine  of  throat 
and  flange  at  all  points  must  bear  the  same  relation  to  the  plane 
ring  gage  as  the  back  of  the  flange  does  to  the  ring.  These  meas- 
urements shall  not  vaoy  from  those  specified  more  than  (a)  He  in* 
or  (b)  Ha  in. 

Tape  Sizes:  y(q)  WheeU  shall  not  vary  from  the  tape  sizes 
specified  more  than  four  (4)  tapes  under  or  six  (6)  tapes  over  except 
that  wheels  with  treads 
wider  than  three  (3)  inches 
may  vary  five  (5)  tapes 
under  or  nine  (9)  over. 

Mating:  7(r)  All  wheels 
shall  be  measured  by 
standard  tape  and  the 
tape  numbers  cleariy 
marked  on  the  web  of  the 
wheel.  Wheels  shall  be 
shipped  in  pairs  mated  by 
tape  numbers  and,  so  far 
as  possible,  also  by  heat 
numbers.  Wheels  having 
machined     contours    shall       ^°'  ^3.— Tolerance  gage  for  steel  wheels. 

not  be  mated  with  wheels  having  unmachined  contours. 

Gages  and  Tapes:  8.  The  manufacturer  shall  provide  suitable 
gages  and  tapes  which  shall  conform  to  the  contour  and  dimensions 
of  the  wheels  shown  in  Drawing  No.  — — ,  and  approved  by  the 
purchaser.    (For  tolerance  gage  see  Fig.  23.) 

Branding:  9.  Wheels  shadl  be  stamped  with  the  manufacturer's 
mark,  heat  number  and  serial  number  of  the  wheels,  while 
hot,  in  such  manner  that  each  wheel  may  at  any  time  be  readily 
identified.  The  wheel  shall  be  so  marked  as  to  indicate  its  loca- 
tion in  the  ingot  when  more  than  one  wheel  is  made  from  an 
ingot.     (See  Fig.  24.) 

Inspection:  10(a),  The  inspector  representing  the  purchaser 
shall  have  free  entry,  at  all  times  while  work  on  the  contract  of  the 
purchaser  is  being  performed,  to  all  parts  of  the  manufacturer's 
works  which  concern  the  manufacture  of  the  wheels  ordered.  The 
manufacturer  shall  afford  the  inspector,  free  of  cost,  all  reasonable 
facilities  to  satisfy  him  that  the  wheels  are  being  furnished  in  ac- 
cordance with  this  specification.  Tests  and  inspection  shall  be 
made  prior  to  shipment  unless  otherwise  arranged. 

10(6).  The  purchaser  may  make  the  tests  to  govern  the  ac- 
ceptance or  rejection  of  material  in  his  own  laboratory  or  elsewhere. 
Such  tests,  however,  shaU  be  made  at  the  expense  of  the  purchaser. 

jo(c).  All  tests  and  inspection  shall  be  so  conducted  as  not  to  in- 
terfere imnecessarily  with  the  operation  of  the  works. 

10(d) »  Wheels,  which  ^ow  injurious  defects  while  being  finished 
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by  the  purchaser,  will  be  rejected,  and  returned  to  the  manufacturer, 
who  shall  pay  return  freight. 

io(e).  Unless  otherwise  arranged,  any  rejection  based  on  tests 
made  in  accordance  with  section  io(6)  shall  be  reported  within  lo 
working  days  from  the  receipt  of  samples. 

^o(f)^  Samples  tested  in  accordance  with  section  io(6),  which 
represent  rejected  material,  shall  be  preserved  for  2  wedcs  from 

the  date  of  the  test  re- 
port. In  case  of  dissatis- 
faction with  the  results 
of  the  tests,  the  manufac- 
turer may  make  daim  for 
a  re-consideration  within 
that  time. 

io{g).  The  manufac- 
turer shall  replace,  free 
of  charge,  any  wheels 
sold,  delivered  and  manu- 
factured under  this  speci- 
fication that  may  at  any 
time  prove  defective  in 
either  material  or  work- 
manship. 

Rolled  Steel  Wheels. 
The  general  replies  from 
fifty  operating  companies 
to  questions  regarding 
solid  steel  wheels  sent  out 
by  the  1909  Committee  on  Equipment,  A.E.R.E.A.,  were  as  fol- 
lows: The  diameters  when  new  range  from  30  to  37H  in.  New 
rims  are  from  2  to  3^  in.  thick.  These  are  worn  down  by  some 
companies  to  as  low  as  H  in.  Others  wear  down  to  iH  in.,  while 
the  average  considers  H  in.  to  be  safe.  The  average  number  of 
turnings  is  three.  Solid  rolled  steel  wheels  are  considered  safer  than 
steel-tired  wheels  for  interurban  service.  They  are  also  held  to  be 
more  economical,  scrap  considered.  The  diameter  of  hub  face 
which  bears  against  the  collar  of  axle  liner  considered  most  desirable 
was  as  follows:  9  in.  for  motor  of  not  over  45  h.p.;  10  in.  for  motor 
of  over  45  h.p.  and  less  than  100  h.p.;  loH  in.  for  motor  of  over 
100  h.p. 

Mileage  between  Turnings  of  Steel  WheeL  Following  are  replies 
in  the  1909  Question  Box,  A.E.R.E.A.  to  the  question:  In 
using  steel  wheels,  what  mileage  should  be  had  between  turnings, 
what  wear  from  service,  and  how  much  turned  ofif? 

L.  £.  Sinclair,  Washington  (i>.  C.)  Railway  and  Electric  Co. 
About  25,000  miles  between  turnings,  approximately  H  in.  in  di- 
ameter of  wear,  and  We  turn  down  from  fi  in.  to  i  in.  in  diameter. 
L.  W,  Jacques,  Fort  Wayne  (Ind.)  6r  Wabash  Valley  Traction  Co. 
About  45,000  and  as  little  to  be  turned  off  as  possible  to  obtain  the 
contour  of  the  flange. 

The  average  pair  of  solid  rolled  steel  wheels  in  the  New  York 
Subway  runs  15,000  to  20,000  miles  before  requiring  turning,  and 


-A.B.R.E.A.  standard  marking  for 
steel  wheels. 
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each  pair  has  a  life  of  about  five  turnings.  The  average  reduction 
in  diameter  is  H  in.  per  turning. 

From  tests  on  the  Brookljm  Rapid  Transit  System,  191 1,  it  was 
concluded  that  a  steel  wheel  on  a  surface  car  mil  run  about  Sooo 
miles  per  H«  in.  radial  wear. 

Wheel  Ttmiing.  New  York  Subway  wheels  are  turned  in  two 
Pond  center-drive  lathes.  Of  these  one  is  driven  by  a  20-h.p.  motor 
and  the  other,  which  is  one  of  a  newer  and  heavier  type  of  construc- 
tion, by  a  40-h.p.  motor.  The  latter  is  equipped  with  air-operated 
tail  stocks  and  both  have  the  cutting  tocls  clamped  in  the  tool  post 
by  means  of  compressed  air.  The  output  of  the  former  lathe  is 
twelve  pairs  of  wheels  per  day,  while  the  latter  machine  has  a 
capacity  of  twenty  pairs  per  day.  Payment  of  the  operators  of 
these  machines  is  made  by  the  inch  of  fmished  diameter  of  wheels. 
The  small  lathe  pays  i  cent  per  inch  of  finished  diameter,  but  on 
account  of  its  great  capacity  and  its  labor-saving  devices  the  large 
lathe  pays  but  H  cent  per  inch.  The  great  stiffness  and  pulling 
power  of  the  latter  machine  permits  the  finished  cat  on  the  wheels  to 
be  taken  with  a  forming  tool  which  gives  proper  contour  with  one 
cut. 

The  necessity  for  turning  is  most  often  determined  by  flange  wear. 
It  may  also  be  determined  by  flat  spots  on  the  tread  or  by  the 
allowable  difference  between  the  circumferences  of  two  wheels 
rigidly  fastened  to  the  same  axle  or  geared  or  linked  together.  This 
allowable  difference  is  often  taken  to  be  M  in.  in  ordinary,  electric 
railway  work  and  a  consideration  of  it  is  of  greater  importance  on 
driving  wheels  than  on  trailers. 

Turning  Steel  Wheels  havrng  Thidc  and  Thin  Flanges.  Fol- 
lowing is  the  process  of  the  Twin  Cities  Rapid  Transit  Co.,  Min* 
neapolis,  in  correcting  wheels  removed,  for  re-turning  which  have 
one  thick  and  one  thin  flange  per  mated  pair  of  wheels.  Each 
pair  of  wheels  is  taped  and  sufficient  metal  is  turned  from  both  the 
nange  and  tread  of  the  larger  wheel,  which  as  a  rule  is  the  one  with 
the  thick  flange,  to  mate  it  roughly  with  the  wheel  of  smaller  di« 
ameter.  At  times  it  is  necessary  also  to  turn  slightly  the  outside 
of  the  tread  of  the  thin-flanged  wheel  to  true  it.  Then  a  gTo6ve 
H  in.  wide  by  H  in.  deep -is  turned  in  the  tread  of  the  thin^ 
flanged  wheel,  at  the  point  where  the  throat  of  the  renewed 
flange  should  begin  to  form.  After  the  treads  of  both  wheels 
have  been  rough-mated  in  the  foregoing  manner,  they  are  set 
in  the  wheel  grinder  where  the  treads  are  brought  accurately 
to  the  same  diameter.  This  grinding  process  is  continued 
until  the  treads  are  perfectly  pdished  and  true,  except  at  the 
groove  in  the  thin-flanged  wheel,  which  may  or  may  not  be  removed, 
depending  on  the  depth  of  grinding  necessary  to  true  the  wheels. 
The  size  and  the  location  of  the  groove  serves  only  as  a  guide  to  the 
workman  doing  the  grindiing  as  it  defines  the  tread  width.  The 
existence  of  the  groove  also  makes  it  easy  for  a  workman  to  bring 
the  grinding  tool  close  up  to  the  proper  place  for  the  root  of  the 
flange,  with  the  result  that  the  tread  is  ground  true.  In  consequence, 
wheels  readily  adjust  themselves  to  the  right  position  on  the  track, 
and  at  lea^  the  immediate  tendency  to  continue  the  cutting  of  the 
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diameter  in  relation  to  the  axle,  micrometers  being  used  in  measur- 
ing. The  part  is  then  heated  and  placed  on  the  axle  without  pres- 
sure. By  this  method  there  is  no  abrasion  on  the  finished  surfaces 
of  the  axle,  wheel  or  gear  due  to  the  process  of  application.  Also, 
as  heat  is  applied  to  the  part  when  it  is  removed,  very  little  abrasion 
occurs,  due  to  the  process  of  removal.  In  addition,  the  parts  may 
be  replaced  in  their  original  positions  a  number  of  times,  without 
loss  of  holding  power.  The  axles,  at  the  location  of  wheel  seats,  are 
carefully  finished  and  filed  as  smooth  as  possible.  Wheels  and 
gears  as  well  as  tires  are  bored  o.ooi  in.  smaller  than  the  axle  or 
wheel  center  per  inch  of  diameter  of  bore,  and  then  they  are  heated 
and  slipped  into  place.  After  the  wheels  have  been  applied  and  have 
cooled,  they  are  tested  in  the  wheel  press  at  a  pressure  of  lo  tons 
per  inch  <tiameter  of  bore.  The  gears  are  heated  at  center  with  a 
torch  using  compressed  air  and  city  gas,  but  the  rims  are  not  allowed 
to  go  above  300  deg.  F.,  as  measured  with  a  thermometer  set 
with  the  bulb  in  a  special  cup  which  fits  between  the  gear  teeth. 
It  is  found  that  this  temperature  invariably  gives  sufficient  expan- 
sion to  permit  gears  to  be  slipped  on  without  any  pressure.  Wheels 
are  heated  with  the  same  torch  until  a  drop  of  water  at  the  middle 
of  the  spoke  will  boil  freely  when  dropped  onto  it.  Wh^ls  some- 
times require  a  slight  pressure  in  addition  to  the  heating  to  move 
them  into  place,  but  this  is  negligible  in  comparison  with  those  used 
in  ordinary  press  fits.  When  wheels  or  gears  are  thus  shrunk  onto 
the  axles,  the  microscopic  points  of  metal  are  not  smoothed  down 
as  they  are  when  a  wheel  is  pushed  on  cold,  and  the  result  is  that 
these  points  interlock  and  make  a  very  close  and  secure  fit. 

Holding  Power  of  Steel  Tire.  In  the  New  York  Subway  where 
wheels  are  heated  excessively  due  to  frequent  great  acceleration 
and  heavy  braking,  the  highest  temperature  of  the  tire  of  a  wheel 
just  taken  from  service  was  found  to  be  145.4  deg.  F.,  and  the 
corresponding  temperature  of  the  hub  was  87.8  deg.  F.  After 
this  was  investigated,  the  holding  power  of  steel  tires  shrunk  on 
with  the  standard  shrinkage  allowance  of  o.ooi  in.  per  i  in.  diame- 
ter was  calculated.    The  results  are  shown  by  the  following  table: 


Shrinkage 

Temp, 
of  tire 

Temp, 
of  hub 

Radial  pressure  of  tire  on  wheel  center 

allowance 

Tire  2^  in.  thick 

Tire  iH  in.  thick 

0.03  in. 
0.03  in. 

6o*»P. 
I4S*»  P. 

60*  P. 
88°  P. 

6070  lb.  per  sq.  in. 
3970  lb.  per  sq.  in. 

3600  lb.  per  sq.  in. 
1700  lb.  per  sq.  in. 

Percentage  reduction  in  holding  power  caused  by  wear,  57  per  cent. 
Percentage  reduction  in  holding  power  caused  by  heat,  35  per  cent. 
Percentage  reduction  in  holding  power  caused  by  wear  and  heat, 

92  per  cent. 

Life  of  Wheel:  Solid  Steel,  Steel  Tired  and  Cast  Iron.  Follow- 
ing are  replies  in  the  1909  Question  Box,  A.E.R.E.A.,  to  the  ques- 
tion: What  is  considered  good  mileage  for  solid  steel  wheels,  steel 
tired  wheels  and  cast-iron  wheels,  allowing  three  turnings  for 
steel? 
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L.  E,  Sinclair,  Washington  (Z>.  C.)  Ry.  &•  Stearic  Co,  For  steel 
and  steel  tired  wheels,  an  average  of  about  90,000  miles;  cast-iron 
wheels,  about  40,000  miles.  L,  W.  Jacques^  FL  Wayne  (Ind.) 
6*  Wabash  Valley  Trac,  Co,:  250,000  miles,  220,000  miles  and 
45,000  miles,  respectively.  W.  R.  McRae,  Toronto  Ry,  Co,  Cast- 
iron  wheels  should  average  from  35,000  to  45,000  miles.  Wm, 
A,  House,  The  United  Rys,  &  Electric  Co,  of  Baliimore,  Steel 
wheels  should  give  at  least  150,000  miles,  and  cast-iron  wheels  should 
give  at  least  30^000  miles.  D,  A,  Hegarty,  Little  Rock  {Ark,)  Ry, 
&•  Electric  Co,  Cast-iron  wheels  we  used  gave  us  an  average  of 
58,000  miles  in  1908.  Dudley  Montgomery,  Southern  Wisconsin 
Ry,  Co.:  40,000  miles  for  cast-iron  wheels  on  12- ton  car.  M,  M, 
Lloyd,  East  St.  Louis  (III.)  6*  Suburban  Ry.  Co,  Depending  upon 
service  conditions,  cast-iron  wheels  should  average  40,000  miles. 

The  rim  of  a  new  solid  steel  wheel  on  the  New  York  Subway  is 
$H  in.  thick  and  when  this  is  turned  down  to  iH  in.,  the  wheel  is 
scrapped. 

The  life  of  chilled  cast-steel  wheels  used  by  the  Columbus  Rail- 
way and  Light  Co.  is  73,157  miles  for  18-in.  and  20-in.  pony  wheels 
and  61,563  miles  for  33-in.  wheels. 

At  the-  191 1  Convention  of  the  Iowa  Street  and  Interurban 
A^odation  Mr.  C.  M.  Feist  of  the  Sioux  City  Service  Company 
called  attention  to  the  high  mileages  obtained  as  a  result  of  careful 
Attention  and  the  use  of  a  wheel  grinder.  The  average  life  of  cast- 
iron  wheels  on  the  Sioux  City  property  as  determined  for  a  period 
of  6  years  was  97,000  miles  for  30-in.  wheels  and  137,000  miles  for 
33-in.  wheels.  The  wheels  had  about  a  Ji-in.  chill  and  were  worn 
down  about  i  in.  in  diameter  before  scrapping.  All  wheels  were 
ground  before  being  put  into  service. 

Sec  also  page  466  on  flange  lubrication. 

Wheel  IXefects.  The  following  relative  to  common  wheel  de- 
fects is  from  a  talk  by  F.  A.  Beebe  of  the  Griffin  Wheel  Co.  at  the 
Hartford  Shops  of  the  Connecticut  Co.,  19 10: 

Thin  Flange,  A  thin  flange  may  be  due  to  one  or  more  of  the 
following  causes:  (a)  Wheels  improperly  mated  as  to  diameters. 
(b)  Improperly  mounted  as  to  gage,  (c)  Improperly  put  on  axles; 
that  is,  the  distance  from  end  of  journal  to  gage-line  on  one  end  of 
axle  being  greater  than  the  other,  (d)  Improperly  shaped  flange, 
(e)  Trucks  out  of  true,  (f)  Car  riding  on  side  bearings,  preventing 
free  movement  of  the  truck,  bringing  the  work  of  turning  on  the 
flange,  (g)  Track  out  of  gage  on  curves.  (A)  Improper  elevation 
of  outer  rail,  {i)  Running  car  in  One  direction;  that  is,  when  car 
at  the  end  of  the  line  runs  around  a  loop  instead  of  being  turned. 
(V)  Sanding  one  rail,  causing  one  wheel  to  wear  down  faster  than 
its  mate. 

Warped  Flange,  A  cast-iron  wheel  flange  waipage  of  about  M« 
in.  is  allowable. 

Elimination  of  Flat  Spots,  (a)  See  that  the  brake-shoes  are 
properly  adjusted,  (b)  Braking  apparatus  adjusted  so  that  in 
coming  to  a  stop  the  wheel  will  not  lock,  (c)  See  that  the  percent- 
age of  brake  pressure  is  in  proper  relation  to  the  load  on  the  wheels. 
(d)  An  important  point  is  the  manner  of  hanging  the  brake.  Most 
brake  hangers  are  placed  below  a  line  passing  through  the  center 
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of  the  axle,  parallel  \dth  the  trucks,  which  allows  the  brake  to  fall 
away  from  the  wheel  by  gravity.  This  angle  may  be  made  too 
large,  so  that  with  badly  worn  and  loose  parts  the  application 
of  the  brakes  causes  the  shoe  to  crowd  up  against  the  wheel.  This 
makes  a  toggle  joint,  producing  excessive  pressure  on  one  pair 
of  wheels  in  the  truck  causing  them  to  stop  rolling  while  the  other 
pair  is  still  revolving.  This  is  a  prolific  cause  of  did  flats  and  also 
results  in  excessive  wheel  wear. 

Wheel  Gage.  Figs.  25  and  26  show  the  wheel  gage  used  on  the 
Bay  State  Street  Railway,  Mass.  The  wheels  are  mounted  from 
the  gage-line  and  equidistant  from  a  punch  mark  at  the  center  of 
the  axle.    The  gage  is  made  of  seasoned  ash  with  No.  14  steel  plate 


Note:  61  I 

.QacM  for  Uae  in  OailioaaM  to  be  made  wtthoaLOMiterpolA^ .' 


Pig.  25. — Wheel  gage,  Bay  State  St.  Ry. 

on  one  side  and  a  H  in.  thick  steel  plate  on  the  other.  The  latter 
plate  is  machined  out  to  rest  only  on  the  tread  and  contour  of  the 
wheel  at  the  gage-line  and  against  the  back  of  flange,  allowing  merely 
enough  clearance  to  take  care  of  the  tolerance  variation  of  the 
wheel.  The  pointer  placed  at  the  center  has  a  H  by  H-in.  thumb 
screw  at  its  lower  support  to  make  adjustments  for  differences  in  the 
diameter  of  the  wheels. 

Wheel  Wear  Inspection.  Details  of  the  wheel  defect  gage  used 
by  the  Public  Service  Railway  Co.,  Newark,  are  given  in  Fig.  27. 
The  application  of  this  gage  in. testing  wheels  is  shown  by  Figs. 
28  to  33,  inclusive.  Following  are  the  rules  according  to  which 
wheels  tested  are  disposed   of: 

Flange,  i.  Flanges  whose  height  is  greater  than  Hin.  shall  be 
turned  or  ground  down  or  rejected,  excepting  in  case  of  wheels 
with  ^-in.  normal  flange,  in  which  case  the  maximum  height  shall 
be  I  in.  2.  Wheels  having  flanges  less  than  H  in.  height  shall  be 
turned  or  ground  down  or  rejected,  except  for  1^-in.  normal  flanges 
which  have  a  height  of  ^Ha  !&•  minimum.  3.  Flanges  greater  than 
iH  in.  in  thickness  shall  be  turned  or  ground  down  or  rejected. 
4.  Wheels  showing  a  '^double''  flange  shall  be  turned  or  ground 
down  or  rejected.  5.  Cast  wheels  having  flanges  less  than  H-in, 
in  thickness  measured  at  the  gage-line  shall  be  rejected.  Steel 
wheels  measuring  less  than  ^  in.  shall  be  rejected.  6.  Flanges 
having  flat  vertical  surfaces  extending  more  than  H  in.  from 
tread  shall  be  turned  or  ground  to  a  rounded  contour  or  be  re- 
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jected.  7-  All  flanges  showing  small  chips  extending  for  more  than 
30  per  cent,  of  the  circumference  of  the  flanges  shall  be  turned 
01  ground  down  or  rejected;  but  no  chips  on  the  outside  of  the 
flange  greater  than  ^s  in.  deep,  iH  in.  long,  ',i  in.  wide,  or  that 
extend  H  in-  past  the  center  will  be  allowed,  and  no  chips  on  the 


inside  of  the  flange  greater  than  W  in.  deep,  i  in.  long,  ^  in.  wide  or 
that  extend  H  in.  past  the  center  of  the  flange  or  that  are  less  than 
K  in.  from  the  tread  will  be  allowed. 

Tread.  8,  Wheels  having  treads  less  than  2  in.  in  width  shall 
be  rejected,  excepting  in  case  of  wheels  with  3-in.  normal  tread, 
in  wluch  case  the  minimum  tread  shall  be  m  in.    g.  All  wheels 
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having  "shelled-out"  spots  in  tread  exceeding  2  in.  by  H  in.,  or  less 
than  H  in.  from  flange  shall  be  turned  or  ground  down  or  rejected. 
10.  Wheels  showing  seams  more  than  i  in.  long  at  a  distance  of 
H  in.  or  less  from  the  throat  of  the  flange,  or  seams  more  than  3  in. 
long  on  any  other  part  of  the  tread  shsill  be  rejected.     11.  Cast 
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Fig.  27. — Wheel  defect  gage*  Public  Service  Ry.,  N.  J. 

MiiuHelsht  ^ 
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Min.  Oast  Iron 
'Planse  Thickn 

Pig.  28. 


Max.yertioaL 
Flat 

Pig,  29. 


Max.  Height 
of  Flange  l'' 
Pig.  30. 


Applications  of  wheel  defect  gage,  Public  Service. 


wheel  showing  "soft"  spots  (worn  through  the  chill)  on  tread 
exceeding  2  in.  in  length  shall  be  rejected.  12.  Wheels  showing 
''flat"  spots  on  tread  shall  be  turned  or  grotmd  down  or  rejected. 
Rim.  13.  Cast  wheels  that  are  worn  through  the  chill  or  whose 
rim  is  less  Uian  i  in.  thick  shall  be  rejected.  Steel  wheels  whose  rim 
is  less  than  H  in.  thick  shall  be  rejected. 
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Gage.  14.  The  distance  back  to  back  of  flanges  shall  not  be  less 
than  4  ft.  s'fii  in.,  Southern  Division  4  ft.  oMt  in.  13.  Wheels 
more  than  H  in.  over  or  a  in.  under  gage  shall  be  reset. 

Details  of  the  wheel  defect  gage  used  by  the  New  York  Subway 


PlO.  34.— Wlieel  defect  gage.  New  York  Submy. 


Fic.  3s.  F[C,  36.  Pic,  37. 

ApplicBttoai  of  wheel  defect  gage,  New  York  Sabway. 
are  given  by  Fig.  34.     The  application  of  this  gage  h  shown  by 
Figs,  is,  36  and  37,     In  the  contour  testa  the  straight  portion  of  the 
gage  lying  nearest  the  wheel  tread  should  in  all  cases  be  kept  hori- 
zontal—tnat  ia,  when  the  wheel  axle  b  hoiixontal. 
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A.E.R.E.A.  Standard  Section  of  Tread  and  Flange  of  WheeL 

For  street  and  interurban  railways,  as  far  as  can  be  applied,  a 
wheel  tread  and  flange  contour,  which  conforms  to  that  shown  in 
Fig.  38  and  indicated  as  Wheel  A  has  been  approved  as  a  standard 
of  the  Association.  This  wheel  has  a  tread  3  in.  wide,  a  flange 
^  in.  high  and  the  thickness  at  the  throat  is  iM«  in.  Wheel  A  is 
further  recommended  for  use  in  interurban  work  with  the  tread 
increased  to  3H  in.,  and  also  for  city  work  where  it  can  be  used, 

\qj£EELA.  ^^  ^^  ^^^  tread  assists  in 

L^     carrying  the  load  across  special 
jT  jL.  work  without  running  on  the 
"SiirTlp'5^  flange  and  avoids  the  necessity 
'     for    flange    bearing    on    the 
special  work.    To  meet  local 
conditions  where  it  is  impossi- 


< — l^eH*-  —  V7F«^ *| 

ni        WHEEL  B        Iv 


^^^-7 


liftlMrl  Ipfl6 


\< .-- 8*.%6 ^ 

Pig.  38. — A.E.R.E.A.  standard  wheel 
treads  and  flanges. 


ble  to  operate  with  Wheels!, 
Wheel  B  is  standard.  It  has 
a  tread  of  2H  in.  and  a  flange 
Ya  in.  high.  This  flange  has 
the  same  general  dimensions 
as  Wheel  A  with  the  ex- 
ception of  the  height  above 
the  tread  line.  In  mounting 
and  gaging  wheels  it  is  under- 
stood that  the  gage-line  is  at-a 
point  on  the  flange  H  in.  above 
the  wheel  tread  and  wheels 


should  be  gaged  H  in.  narrower  than  the  gage  of  the  track,  the 
track  gage  being  measured  between  points  \i  in.  below  the  tox>s  of 
the  rails. 

Dimensions  of  Rolled  Steel  Wheels  (AJS.R.EJL  Recom- 
mended Design).    (Fig.  39.) 

Advantages  of  Large  WheeL  Following  are  some  of  the  ad- 
vantages of  the  large  wheel:  It  affords  greater  mileage  between 
turnings,  gives  lower  journal  surface  speed  with  consequently  com- 
paratively little  wear  and  axle  steel  fatiguing  stresses  per  car  mile, 
causes  smaller  stresses  to  be  set  up  in  wheel  and  rail  suifaces,  strikes 
lighter  blows  on  the  track  and  is  less  liable  to  give  trouble  at  a 
defective  frog,  switch-point  or  rail.  A  large  wheel  makes  possible 
the  use  of  a  large  geair  and  maximum  gear  reduction  with  a  corre- 
sponding high  motor  speed  which  permits  the  use  of  a  comparatively 
small  light-weight  motor  and  necessitates  the  least  energy  con- 
sumption. Special  installations  may  be  such  that  the  above  ad- 
vantages woidd  be  inferior  to  the  advantages  accompan3dng  the 
use  of  very  small  wheels.  Thus,  the  satisfactory  design  of  many 
low  floor  cars  has  demanded  wheels  of  small  diameter. 

Determination  of  Truck  Wheel  Base.  In  a  paper  before  the 
Central  Electric  Railway  Association,  1908,  A.  C.  Vauclain  of  the 
Baldwin  Locomotive  Works  stated  that  the  final  determination 
of  the  wheel  base  should,  if  curves  permit,  be  based  entirely  upon 
the  transom  width  being  sufficient  to  allow  a  proper  width  of  bolster 
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and  bolster  springs,  and  the  fixed  length  of  the  n 
from  their  ajcle  journals  to  their  supporting  noses. 

Wheel  Base  for  City  Service.  The  following  are  replies  in  the 
Questiou  Box,  Aera,  igia,  to  the  question:  "Is  a  4-  or  6-ft.  wheel 
base  truck  best  for  purely  city  service  wiiere  short  radii  curves  are 
used?"  L.  M.  Clark,  Indianapolii  Traction  and  Terminal  Co.  We 
consider  inside-hung  motor  trucks  of  an  approximate  6-ft.  o-in. 
wheel  base  superior  to  outside-hung  motor  trucks  of  short  wheel 
base  for  the  following  rea- 
sons: First,  the  lesser  dis- 
placement of  tractive  effort 
between  the  two  pairs  of 
wheels  during  accderation 
and  running,  more  partic 
idarly  the  former;  second 
greater  factor  of  strength 
on  account  of  the  location 
of  motor  suspension  in 
close  proziinity  to  the  cen 
ter  of  truck;  third  less 
wheel  flange  pressures 
against  rail  heads  required 
to  swivel  trucks  on  curves, 
and  also  occurring  dunng 
"nosing"  periods;  fourth, 
easier  riding  qualities 
John  LindaU,  Boston  Ele- 
vated Railway  Co.  In  my 
judgment  a  6-ft.  wheel 
base  truck  is  preferable  on 
account  of  less  liabihty  to 
derail;  less  flange  wear, 
and  less  tendency  to  cause 
lail  corrugations.  Gea  W 
Knox,  Oklahoma  Railway 
Co.    The  use  of  4-ft.  wheel   „  .  „  „  „ 

base_  trucks  for  purely  dty  ™- ''■;^^"■^■^■ 
se^vice  is  desirable  only  by 
reason  of  the  ease  with  which  they  may  be  operated  over  short  radius 
curves.  Four-foot  wheel  base  trucks  call  for  outside-hung  motors, 
which  it  is  beUeved  is  not  considered  good  practice.  Four-foot 
wheel  base  trucks  are  not  as  easy  riding  as  a  6-ft.  wheel  base  and 
are  more  severe  on   the  track  than  a  6-ft.  wheel  base..   A  6-ft. 


If      a'H.-      V 


aended  dimen 


illed  sUe]  irheels. 


For  several  years  the  United  Traction  Co.,  Albany,  N.  Y.,  oper- 
ated trucks  having  a  wheel  base  of  4  ft.  6  in.  On  account  of  this 
short  length  these  trucks  gave  much  trouble  when  used  for  the 
high-speed  service  between  Albany  and  Troy.  This  bad  feature 
was  removed  by  lengthening  the  trucks  to  a  wheel  base  of  3  ft.  by 
the  osy-acetylene  wddiug  of  metal  at  an  intermediate  point  in  the 
frames.    The  favorable  results  from  this  change  confirmed  the 
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company's  belief  that  for  high-speed  service  the  wheel  base  of  a 
truck  should  not  be  leas  than  the  gage  of  the  track.  The  cost  of 
lengthening  a  pair  of  trucks  and  of  flitjng  new  steel  bolsters  of 
ctwed  type  was  about  $ioo. 

Wheel  Base  in  Intenirban  Service.  The  following  3ata  giving 
the  practice  on  interurbaa  roads  aie  from  the  Electric  Railway 
Journal,  1906: 


Name  o£  company 

Type  o£  truck 

K 

BaidwioiAdBriii;.:: 

^stsusr^.^" 

Pcckham  and  Domer 

ISSX'.ad^^ioV.: 

Barney  and  Smith.... 
Barney  and  Smith.,., 

?rfcy..ui:  ;::::; 

t  ' 

Cincinnati,  Geoigiitown  &  Portsmciutli 

?Sar„::::::::::- 

?  ? 

Ss-m^r^^rrA-i'r:*;. ■;:: : ; : ; : 

Badliu  of  Ourva.  Feat 


Minimiiiii  Curve  for  Given  Truck.  Fig.  40  by  Graham  Bright, 
Electric  Journal.  1911,  shows  the  relation  between  wheel  sise. 
wheel  base  and  minimum  curve.  These  curves  are  plotted  accord- 
ing to  the  expression 

R  =  — ; —  (published   by    the     Baldwin    Locomotive    Works) 
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f 
in  which   R  »  radius  of  sharpest  curve  that  can  be  passed,  feet. 
W  =  wheel  base,  feet. 
a  s  angle  which  flanged  wheels  make  with  rail. 


With  diameter  of  wheel  20  in.  to  24  in. 

sin  a  =*  0.117 

25            30 

=  0.107 

31            40 

=  0.090 

41            SO 

=  0.080 

SI            60 

«  0.07s 

Ball  Bearing  Center  Plates.  The  principal  advantages  of  ball 
bearing  center  plates  over  smooth  plate  bearings  are  that  their 
use  is  accompanied  by  a  minimum  of  flange  wear  and  energy  con- 
sumption on  curves.  They  bring  about  less  liability  to  derailment 
and  require  less  lubrication. 

A.E.R.E.A.  Standard  Journal  Boxes.  Figs.  41  to  44,  inclusive, 
sho^  the  A.E.R.E.A.  standard  journal  boxes.  Box  tops  of  two 
designs  are  given.  These  are  to  fit  the  styles  of  trucks  in  general 
use  on  electric  railways.  The  interiors  of  these  boxes  are  arranged 
to  acconimodate  the  M.C.B.  journal  bearing  wedges. 

M.C3.  Standard  Jottmal  Bearing.  Th6  M.C.B.  standard  jour- 
nal bearings  are  shown  in  Figs.  4S  ^o  48  inclusive. 

A.E.R.E.A.  Standard  Journal  Bearing  Wedges.  Figs.  4s  to  48, 
show  the  M.C.B.  standard  journal  bearing  wedges  O'oumal  bearing 
keys)  which  have  been  adopted  as  standard  by  the  A.E.R.E.A. 
These  are  here  shown  applied  to  the  M.C.B.  standard  journal 
bearing. 

End  Wear  of  JoumaL  The  following  is  from  the  191 2  report  of 
the  Conunittee  on  Equipment,  A.E.R.E.A.^  (The  facts  were 
determined  by  interviews  with  member  companies) :  First,  end  wear 
on  journals  is  confined  almost  exclusively  to  the  M.C.B.  form.  Sec- 
ond, the  stop  on  the  end  of  the  axle  is,  with  the  exception  of  the 
joiuiial  brass  itself,  subjected  to  the  greatest  amount  of  wear. 
Tlurd,  end  wear  is  experienced  chiefly  where  cars  are  operated  at 
relatively  high  schedule  speeds  and  where  there  are  a  compara- 
tively large  number  of  short  radius  curves. 

That  a  considerable  amount  of  thought  has  been  given  the  matter 
is  indicated  by  the  various  methods  for  overcoming  the  difficulty, 
the  most  prominent  of  which  are  as  follows:  First,  a  hooded  wedge, 
as  illustrated  in  Fig.  49,  with  a  renewable  wearing  plate  and  means 
provided  for  taking  up  the  wear  on  the  plate  by  installing  shims 
between  the  plate  and  the  inside  of  the  hooded  end  of  the  wedge, 
is  in  fairly  general  use.  This  method  offers  the  advantage  of  the 
use  of  a  standard  journal  box,  journal  and  wedge,  the  only  differ- 
ence being  a  slight  modification  of  the  wedge  in  the  form  of  an  exten- 
sion. The  second  most  general  method  of  overcoming  the  end  play 
is  the  casting  of  guides  integral  with  the  journal  box  so  that  an 
end  stop  of  malleable  iron,  faced  upon  its  bearing  surface  with  bab- 
bitt metal,  can  be  dropped  into  the  guides  in  close  contact  with  the 
end  of  the  axle,  thereby  imposing  the  lateral  thrust  of  the  axle  upon 
the  end  stop  rather  than  on  the  journal  brass,  the  end  stops  being 
renewed  by  babbitting.  (See  Fig.  so.)  The  chief  advantages  due 
to  this  method  of  overcoming  end  play  are  that  the  stress  set  up  by 
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Pic.  41. — A.B.R.B.A.  standard  sH-in.  br  T-in,  journsl  box. 


J%-m"-^ 


# 

.-^^^1 


s;!ii!ft''-«"^ 


Fiu;  41.— A.E.R.E.A.  Btaadard  4}i-inby  S-in.  jonrnal  boi. 
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Pig.  43. — A.B.R.E.A.  standard  s-'o.  by  9-'m.  joutdbI  box. 


Pic.  44.— A.E.R.B^A.  gtaadard  sH-in.  by  i< 
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the  lateral  thrust  of  the  axle  is  placed  more  nearly  in  line  with  the 
axle  itself  and  that  the  end  stop  may  be  easily  renewed  without 
jacking  up  the  journal  box.  It  also  serves  to  hold  the  packing  in 
place  upon  the  lower  portions  of  the  journal  and  permits  better 
inspection  of  the  journal  box.  On  the  other  hand,  its  use  is  only 
permitted  in  new  journal  boxes  in  which  the  guides  are  provided  for. 
These  guides,  however,  can  be  arranged  in  the  journal  box  with 
little  trouble  and  without  interfering  with  any  other  parts  and  the 
use  of  the  end  stop  would  then  be  optional. 


it 
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Fig.  47. — A.E.R.E.A.  (M.C.B.)  standard  bearing  wedge  M.C.B.  standard 

bearing  for  5-in.  by  s^in.  journal. 
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Jounul  Brass  for  S^  Bnttdng  Pressnre.  figs.  $t  and  52  show 
the  new  journal  brass,. keeper  and  detail  of  axl»end  developed  by 
J.  S.  Doyle  for  use  on  the  New  York  Subway.  This  development 
was  made  because,  due  to  the  small  bearing  surface  and  great  thrust 
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Pic.  48.— A.E.R.B.A.  (M.C 
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tandard  beuiag  wedge  H.C.B.  ■< 


due  to  heavy  and  frequently  applied  horizontal  brake  pressure,  the 
original  M.C.B.  brass  gave  much  trouble  from  heating  and  crushing 
of  the  babbitt  at  the  side  of  the  box.  The  new  arrangement  has 
been  successfuL  Tlie  main  feature  of  this  brass  is  the  full  semi- 
fircular  cross-section,  which^ves  an  ample  bearing  on  each  sideof  the 
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journal  in  order  to  take  the  horuontal  thrust  from  the  brake-shoes. 

The  difference  between  it  and  the  standard  bearing  is  shown  in 
Figs.  52  and  53,  wHich  give  a  conventionaJ  cross-section  of  each  type 


Fig.  4^ — "  Hooded  "  wedfft 

of  brass  in  Its  box.     It  thus  becomes  similar  to  the  driving  box 

brasses  used  on  steam  locomotives  which  have  to  take  the  thrusts 

of   the  reciprocating  parts.     It  will  be  noticed  in  Fig.   53   that 

the  usual  collar  on  the  journal  has  been  turned  oB  and  that  the 

side  play  of  the  wheels  is  taken  up  by 

a  semicircular  bronze  liner  riveted  inside 

the  end  of  the  brass.     The  object  of 

^    this  is  to  provide  a.  large  area,  access- 

I    ible  to  the  lubricant,  for  taking  care  of 

a    the  end  thrust  Iroca  the  wheels.     The 

absence  of  a  collar  and  the  movi 

of    the   journal  longitudinally  i 

F«5.  so.-Joum.1  box^th  in-  brass  might  appear  to  cause  the  wew- 

tegial  guides  uid  end  atoci.      ing  of  a  shoulder  in  the  brass  Outside 

of  the  normal  position  of  the  end  of  the 
journal.  This  is,  however,  overcome  by  turning  a  groove  just 
inside  of  the  end  liner,  which  is  riveted  to  the  brass,  so  that  the 
actual  beuing  length  on  the  journal  is  constant.  A  »de  play 
erf  K  in.  b  allowed  for  all  wheels  leaviog  the  shop.     When  this 
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increases  to  n  in.  the  end  liners  a 
tinned  inside  and  lined  with  Ht  in. 

bored  out  two  at  a  time  in  a  latiie. 

On  the  New  York,  Westchester  and  Boston  Ry.  similar  difficulties 
were  experienced  with  M.C.B.  brasses  and  emergency  braking- 
Fig.  54  shows  a  SM  X  lo  in.  brass  which  gave  satisfactory  ser- 


vice when  substituted  for  the  M.C.B.  type.  This  brass  has  appioxi' 
mately  a  semicircle  of  bearing  surface  and  is  provided  with  long 
ade  extensions  to  prevent  shifting. 

Lnbricatioii  of  Journal  Bearings.  (A.E.R.E.A.  Miscellaneous 
Methods  and  Practices.)  Once  every  30  days,  providing  cars 
do  not  make  more  than  150  miles  pet  day,  or  if  on  a  mileage 
basis,  every  4500  miles.  Journal  bearings  in  high-speed  serv- 
ice    must    be    lubricated  weekly   when    cars  are    making   from 


Pig.  54. — Special  joutdaI  bean 


'.  WBtcheeter. 


300  to  joo  miles  per  day,  or  if  on  a  mileage  barfs,  evenr  3300 
miles.  In  both  cases  the  ioumal-box  covers,  springs  and  bolts 
i  see  that  all  parts  are  in  good  condition 
is  nearly  dust-proof  as  possible,  and  that  the 
a  the  boxes,  and  where  it  has  worked  forward, 
i,  and  only  a  sufficient  amount  of  oO  applied. 
This  can  oply  be  done  by  allowing  a  certain  amount  of  oil  for  each 
car  or  by  thoroughly  educating  certain  men  to  do  this  part  of  the 
work. 


t  be  examined  t 
and  that  the  cover  is 
sponge  is  stirred  up  ir 
pressed  back  in  plac 
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In  .the  New  York  Subway  the  lubrication  of  the  journal  boxes  is 
inspected  every  looo  miles  and  every  box  is  repacked  after  10,000 
miles  of  service.  No  free  oil  is  ever  applied.  In  repacking  the  box  all 
the  old  waste  is  removed  and  the  box  is  filled  with  properly  worked 
and  saturated  waste,  which,  however,  is  not  necessarily  new.  The 
oil  consumption  per  journal  in  1908  was  about  0.4  gill  per  1000  car 
miles  for  the  larger  cars  or  0.0104  g^U  P^^  100  ton  miles. 

Preparation  of  Oil  and  Waste  for  Lubrication.    (See  page  323.) 

Padking  Tools.  Fig.  55  shows  packing  tools  used  by  the  Chicago 
City  Railway. 

Journal  Temperatures.  The  following  comparing  journal  tem- 
peratures reached  at  different  air  temperatures  are  from  tests  by  the 
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Packing  Hook 
Pig.  ss. — Packing  tools,  Chicago. 


use  of  the  University  of  Illinois  djmamometer  car  which  is  equipped 
with  a  recording  thermometer,  the  bulb  of  which  is  inserted  in  a 
hole  drilled  in  the  body  of  one  of  the  journal  brasses.  The  car 
weighs  58,000  lb.  and  is  equipped  with  4H  by  8-in.  journals: 

Average  air  temperature,  deg.  F 63  9 

Approximate  average  test  speed,  miles  per  hour 16  15 

Maximum  temperature  attained  by  test-car  journal, 

deg.  F. 116  98 

Flange  Lubrication.  A  block  of  graphite  pressed  against  the 
wheel  flange  or  crude  oil  sprayed  upon  the  wheel  flange  has  been  used 
to  lubricate  the  flanges.  Fig.  56  shows  the  general  scheme  of  the 
electropneiunatic]  apparatus  developed  by  W.  D.  Hall  for  use  in  the 
electric  locomotive  service  of  the  St.  Glair  Tunnel.  Filtered  re- 
claimed armatiure  bearing  oil  is  used  as  the  lubricant.  The  follow- 
ing relative  to  this  installation  is  from  the  Electric  Railway  Jour- 
nsd,  191 2:  ''The  oil  for  this  lubricator  is  contained  in  an  air-tight 
receptacle  of  i-quart  capacity,  whence  it  is  led  to  the  wheel  flanges 
by  pipes  and  sprayed  upon  the  flanges  by  jets  of  air.  The  air  is 
supplied  from  the  main  reservoir  by  a  H-in.  pipe  which  is  connected 
to  the  oil  receptacle  above  the  suriace  of  the  oil.  A  branch  of  this 
30 


466 


ELECTRIC  RAILWAY  HANDBOOK 


pipe  is  connected  to  the  oil  delivery  pipe  which  leads  to  the  flanges. 
When  used  with  electrical  equipment  air  is  controlled  by  an  dectric 
push  button  so  that  the  lubricant  is  applied  only  when  needed,  as  on 
curves.  This  apparatus  has  been  in  successful  operation  since 
July  ID,  19 lo.  The  six  electric  locomotives  to  which  it  has  been 
applied  haul  looo-ton  trains  up  and  down  2  per  cent,  grades  on 
which  flange  wear  had  been  heavy  owing  to  the  many  curves  and  the 
rather  low  center  of  gravity  of  the  locomotives.  This  lubricator 
has  so  improved  conditions  that  50,000  miles  and  more  are  made 
between  wheel  tire  turnings.  This  means  that  the  wheels  can  be 
removed  for  turning  at  the  same  time  that  the  armature  is  removed 
for  commutator  dressing.  The  former  mileage  made  between  tire 
turnings  was  from  12,000  to  25,000  mile^."  On  the  Baltimore  & 
Ohio  and  the  Pennsylvania  locomotives  a  sight  feed  lubricator  is 
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Fig.  56. — Flange  lubricator.  Grand  Trunk  Ry. 

located  in  the  cab.  The  temperature  of  the  air  and  oil  is  raised 
by  passing  them  through  an  electric  heater.  The  oil  H  led  to  the 
wheel  flange  by  pipes  and  is  spread  upon  the  flanges  by  air  supplied 
from  the  main  reservoir.  Investigators  on  the  Pennsylvania  Lines 
west  of  Pittsburgh  concluded  that  flange  lubrication  would  cause 
an  appreciable  saving  in  flange  wear  on  curves  of  4  deg.  or  more. 
Records  of  rail  renewal  on  the  Sierra  Nevada  division  of  the  Southern 
Pacific  Railway,  where  all  the  locomotives  are  equipped  with 
flange  oilers,  show  that  since  the  latter  have  been  in  service  the 
average  life  of  the  outside  rail  on  all  curves  of  more  than  5  deg.  has 
been  mcreased  from  12  months  to  32  months,  while  the  average 
life  of  the  inside  rail  on  the  same  curves  has  been  increased  from 
13  months  to  33  months  in  spite  of  the  fact  that  the  rails  are 
now  removed  with  a  Smaller  percentage  of  wear  than  was  formerly 
the  case.  At  the  same  time  the  average  daily  tonnage  has  in- 
creased 47  per  cent,  as  compared  with  the  3  years  prior  to  May, 
1908,  when  the  flange  oilers  were  installed. 


SECTION  vra 

BRAKING' 

Brake-shoe  Pressure.  The  maximum  retardation  which  may 
be  utilized  in  stopping  a  train  by  means  of  brakes  is  diat  which  is 
realized  by  so  applying  brake-shoes  to  all  the  wheels  that  the  result- 
ing brake-shoe  friction  shall  be  uniform  and  just  insufficient  to 
overcome  the  static  rail  friction  or  axlhesion.  Thus  the  utilization 
of  the  entire  retarding  force  avaiUble  as  rail  friction  or  adhesion 
involves  the  ^>plication  of  a  brake-shoe  pressure  which -shall  {a) 
diminish  as  deidining  speed  causes  the  coefficient  of  friction  to 
increase;  which  shall  (b)  increase  as  increased  distance  of  frictional 
contact  causes  the  coefficient  of  friction  to  decline,  and  which  shall 
(c),  when  diminishing  or  increasing  for  such  purposes,  further 
diminish  or  increase  as  reduction  or  increase  of  pressure  itself 
causes  the  coefficient  of  friction  correspondingly  to  increase  or 
dedine.  It  is  impracticable  to  so  regulate  the  braJce-shoe  pressure 
that  it  will  at  any  instant  be  equal  to  the  resultant  of  the  above 
three,  but  since  this  resultant  continues  to  diminish  during  the 
process  of  bringing  the  train  to  rest,  the  maximum  possible  retard- 
ing effect  may  be  approximated  by  so  diminishing  the  brake-shoe 
pressure  toward  the  completion  of  the  stop  that  the  wheels  will  not 
be  caused  to  slide. 

Factors  Controlling  Length  of  Stop.  The  general  factors  which 
determine  the  distance  traveled  by  a  train  wMle  it  is  being  brought 
to  rest  on  a  tangent  level  track  are:  (a)  speed  of  the  train  at  the 
beginning  of  the  braking  period;  (b)  coefficient  of  adhesion  between 
wheel  and  rail  (rail  faction);  (c)  coefficient  of  brake-shoe  friction; 
(d)  maximum  brake  cylinder  force;  (e)  time  required  to  attain  this 
force;  (J)  efficiency  of  brake  rigging  in  multiplying  and  transmitting 
this  force  to  the  brake-shoe. 

Importance  of  Hi|^  Rate  of  Retardation.  In  long  runs,  the  brak- 
ing rate  is  of  little  moment,  but  in  short  runs  it  becomes  an  impor- 
tant factor  and,  as  in  subway  work,  may  be  of  manmum  impor- 
tance. In  general,  a  high  braking  rate  is  advantageous  because  it 
allows  more  coasting  in  any  run  which  means  an  earlier  point  of 
cut-offj  resulting  in  lower  energy  consumption  and  less  heating  of  the 
motors  than  would  accompany  a  low  rate  of  braking.  Fast  braking 
thus  tends  to  minimize  the  size  of  motor  for  a  given  service.  The 
minimimi  length  of  a  block  and  the  consequent  minimuni  head- 
way is  equal  to  the  minimum  distance  in  which  a  train  can  be 
brought  to  rest.  Thus,  increasing  the,  rate  of  braking  decreases 
the  allowable  headway  and  increases  the  capacity  of  the  track. 

High  Speeds  and  wheel  Failures.  In  the  use  of  high  speeds 
care  ^ould  be  taken  that  the  conditions  of  braking  are  such 
that  they  will  not  be  dangerous  to  car  wheels.  The  tempera- 
ture attained  at  the  wheel  tread  during  braking  depends  upon 
the  pressiure  at  which  the  brake-shoe  is  applied,  the  speed  at  which 
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the  wheel  is  turning,  and  the  duration  of  the  brake  application. 
When  the  wheel  is  turning  at  high  speed  and  the  brake-shoes  are 
applied  with  great  pressure,  the  metal  at  and  near  the  surface  of  the 
tread  suddenly  becomes  much  hotter  than  that  a  short  distance  in. 
Great  thermal  stresses  are -thus  set  up  in  the  wheel  and  these  may 
cause  fracture. 


Coefficient  of  Friction  at  Various  Speeds 

Cast-ikon  Brake-shoes  on  Steel  Tires  (Galton-Westing- 
HOUSE  Tests,  Proceedings  or  the  Institution 
OF  Mechanical  Engineers,  1879) 


Number  of  ex- 

Speed 

Coefficient  of  friction 

periments  from 
which  the  mean 

.    Miles  per 
hour 

Feet  per 
second 

Extremes  observed 

Mean 

IS  taken 

Maximum 

Minimum 

67 
55 

77 

70 
80 

94 
70 

69 
78 

54 
38 

20 

60 

55 
50 

45 

40 

35 
30 
35 

20 

15 
10 

1H 

Under  5 
Just  moving 

88 
81 

73 
66 

59 
51 
44 
36H 

29    . 
22 

14H 

IX 

Under  7 
Just  moving 

0.123 
0.136 
0.IS3 
0.179 

0.194 

0.197 
0.196 
0.205 

0.340 
0.280 
0.281 
0.325 

0.340 
0.337 

^  0.058 
0.060 
0.050 
0.083 

0.088 
0.087 
0.098 
0.108 

0.133 
0.131 
0.16X 
0.123 

0.156 
0.36s 

0.074 
0.  Ill 
0. 1x6 
0.127 

0.140 

0.143 
0.164 
0.166 

0.193 
0.223 
0.24a 
0.244 

0.273 
0.330 

Pleemingjenkin  (steel  on  steel)  0.0002  to  0.0080, 

0.3SI 

Rennie.    Static  friction  under 

Pressure  of  180  lb.  per  square  inch. 
Pressure  of  336  lb.  per  square  inch. 


0 . 300 

, 0.347 


From  the  above  values  Mr.  R.  A.  Parke  has  developed  the  fol- 
lowing formulas  to  represent  the  law  of  variation  of  the  coefficient 
of  friction  with  speed. 

From  the  mean  values  /  =  — r-^- t^ 

1  +  0.035325 

from  the  maximum  values         /  =  — ; — = 

I  +  0.02933  S 

where  /  =  coefficient  of  friction 

S  «  speed  in  miles  per  hour. 

The  latter  formula  gives  values  corresponding  more  nearly  to 
recent  experiments. 

The  following  table  furnishes  a  comparison  of  the  values  of  the  co- 
efficient of  friction  as  calculated  by  the  above  formulas,  with  those 
secured  by  test  (see  above  table). 
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speed, 

miles  per 

liour 

1 

Coefficient  of  friction 

Mean 

Maximum 

Calculated 

Observed 

•   Calculated 

Observed 

0 

0.326 

0.277 
0.34Z 

0.330 
0.373  * 
0.243 

0.383 
0.333 
a.  395 

5 

zo 

0.340 
0.381 

IS 

20 

25 

0.213 
0.X91 
0.173 

0.333 
0.193 
0.166 

0.365 
0.34X 

0.330 

0.380 
0.340 
0.205 

30 

35 
40 

0.158 
0.Z46 
0.135 

0.164 
0.143 
0.140 

0.203 
0.188 
0.X76 

0.X96 
O.X97 
0.194 

45 
SO 
55 

0.136 

0.ZI8 
o.iii: 

0.137 
0.116 
o.xxi 

0.X65 
0.155 
0.146 

0.179 
0.153 
0.136 

6o 
6s 

0.Z05 
0.099 
0.094 

0.074 

0.138 

0.131 
0. 135 

0.133 

70 

8o 

0.085 
0.078 
0.073 

0.XX4 
0.X06 
0.097 

90 

lOO 

Relation  of  Coefficient  of  Friction  between  Wheel  and  Rail  to  the 
Coefficient  of  Friction  between  Brake-shoe  and  Wheel  and  the 
Effect  of  Sliding.  In  the  Galton-Westinghouse  tests  it  was  found 
that  when  the  brake-shoe  friction  overcame  the  rail  friction  and 
caused  the  wheels  to  sEde  upon  the  rails,  the  coefficient  of  rail  fric- 
tion immediately  began  to  decline  and  then  varied  inversely  as  the 
speed,  in  much  the  same  way  as  brake-shoe  friction.  It  was  found 
ta  have  a  value  of  less  than  one-third  the  coefficient  of  brake-shoe 
friction  when  the  brake-^oe  pressure  was  such  as  to  allow  the  wheel 
to  continue  revolving.  From  this,  the  retarding  effect  of  a  wheel 
sUding  upon  a  rail  would  be  less  than  one-third  the  maximum  avail- 
able when  the  wheels  are  allowed  to  revolve  without  sliding. 


Coefficient  of  Fsicxxon 
Rail— WjOEEL  Sliding. 


BETWEEN  Steel  Tires  and  Steel 
(Galton-Westinghouse  Tests) 


Speed,  miles  per  hr. 

Coefficient  of  friction 

Just  coming  to  rest 

0.243 
0.088 

6.8 

13.6 

0:072 

37.3 

0.070 

34.1 

0.065 

40.9 

0.0S7 

47.7 

0.040 

54-5 

0.038 

60.0 

0.027* 

The  rail  friction  is  very  materially  affected  by  the  condition  of 
the  rail,  being  greatest  when*  the  rail  is  perfectly  dry  or  very  wet 

*  This  is  from  the  mean  of  three  experiments  only. 
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(as  wheit  washed  by  a  hard  rain)  and  least  when  the  rail  is  quite 
moist;  but  by  the  use  of  sand  upon  the  rails,  the  effect  of  moistiure 
is  practically  eliminated.     (See  Coefficient  of  Adhesion,  p.  139.) 

Coefficient  of  Brake-shoe  Friction  as  Affected  by  Distance  of 
Application.  Capt.  Galton  stated  that  a  decrease  in  the  coefficient 
of  brake-shoe  friction  results  from  the  time  during  which  the  brakes 
have  been  kept  applied,  irrespective  of  any  change  in  speed.  He 
gave  the  following  table  and  explained  that  the  values  given  in  the 
column  headed  '^  Commencement  of  experiment"  are  somewhat 
different  from  those  that  have  been  given  in  the  table  "Co- 
efficient of  Friction  at  Various  Speeds  .  .  .,"  p.  468,  because 
they  resulted  from  the  average  of  fewer  experiments,  but  that  the 
effect  of  time  reducing  the  coefficient  of  friction  may  be  acc^ted 
as  correct. 

Coefficient  of  Brake-shoe  Friction  as  Affected  by  Time 

(Galton) 


speed, 

miles  per 

hour 

Coefficient  of  friction 

Commence- 
ment of 
experiment 

After  s 
second.s 

After  10 
seconds 

After  15 
seconds 

After  20 
seconds 

20 

27. 
37 

0.182 
0.  ly 
6.152 
0.132 
0.072 

0.152 
0.130 
0.096 
0.080 
0.063 

0.133 
0.119 
0.083 
,0.070 
0.058   • 

0.116 
0.081 
0.069 

0.099 
0.07a 

^ 

The  following  is  from  a  paper  by  R.  A.  Parke,  AJ.E.E.,  1902: 
"It  was  assumed  by  Capt.  Galton  that  the  decline  of  the  friction  is 
as  the  increase  of  the  time  of  contact,  but  a  careful  analysis  of  the 
results  shows  that  it  is  a  fimction  of  the  product  of  the  speed  and  the 
time,  or  of  the  distance  through  which  the  shoe  rubs  upon  the 
wheel."  The  following  formula  was  developed  by  Mr.  Parke  in  an 
endeavor  to  show  the  relation  of  the  coefficient  of  brake-shoe  fric- 
tion at  any  point  during  the  application  of  the  brake-shoe  to  the 
initial  coefficient  of  brake-shoe  friction  at  the  speed  and  pressure 
at  which  the  brake-shoe  was  first  applied  to  the  wheel  and  the  dis- 
tance traveled  by  the  wheel  during  which  the  brake-shoe  has  been 
applied  to  the  wheel: 

k  —  I  +  0.000472/ 
I  -h  0.002390/-' 

coefficient  of  brake-shoe  friction  at  instant  considered 
distance  wheel  has  traveled  in  f rictional  contact  with 
the  brake-shoe,  feet 

coefficient  of  brake-shoe  friction  at  speed  and  pres- 
sure at  which  brake-shoe  was  applied  at  the  begin- 
ning of  the  distaiicte  L 

m 

Mr.  S.  W.  Dudley,  in  a  paper  before  the  A.S.M.E.,  1914,  on  the 
Pennsylvania- Westinghouse  Brake  Tests,  1913,  stated  that  factors 


in  which  h 
I 


/  = 
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such  as  speed,  pressure  and  time  of  action,  which  are  ordiharily 
considered  to  cause  variations  in  cast-iix)n  brake-shoe  performance, 
are  effective  chiefly  as  they  affect  the  temperature  of  the  working 
metal  of  the  brake-shoe  and  wheel. 

Retardation  Produced  by  a  Given  Retarding  Force.  The  rate  of 
retardation  may  be  approximated  by  the  following  formula: 

a    ^  0.01098 =z 

w 

in  which 

a    —  rate  of  retardation  of  train,  miles  per  hour  per  second 
k    "  ratio  of  linear  inertia  to  total  Inertia  of  train  (see 

page  170) 
W  =  weight  of  train,  tons 
F    »  total  retarding  force  applied  to  train,  pounds 

or 

=  2ooobW 
P   —  total  braking  pressure  applied  normally  to  wheel 

treads  by  brake-shoes,  pounds 
h    —  coefficient  of  brake-shoe  friction 
h    —  ratio  of  retarding  force  produced  by  brake-shoes  to 

total  weight  of  traiii 
Fi  —  combined  train,  track  grade  and  curve  resistance 

f    =  train  resistance,  pounds  per  ton  weight  of  train  (see 
page  146). 

For  a  more  rapid,  very  rough  approximation  in  ordinary  service, 
neglecting  the  energy  due  to  the  rotation  of  the  wheels  and  arma- 
tures and  the  energy  required  to  overcome  train  resistance,  the 
formula  is: 

F 

«  =  O.OIIj^ 

or  =s  226 

in  which  the  symbols  have  the  same  significance  as  above. 

Distance  Tntveled  by  Train  During  Application  of  a  Constant 
Retarding  Force.    If  a  constant  retarding  force  is  applied  to  a  train 

*  =  0.733— 
or  —  06.8 


k{F  +  Fi) 

in  which    I  »  distance  traveled  by  train  in  coming  to  rest,  feet 

S  s  speed  of  train  at  banning  of  period,  miles  per  hour. 
Other  symbols  as  in  preceding  paragraph. 
Neglecting  the  energy  of  rotation  of  wheels  and  armatures,  the 

formula  is 

52 

/  =  0.0333  y 


472  ELECTRIC  RAILWAY  HANDBOOK 

Braking  Distance  Chart  The  chart,  Fig.  i,  by  Mr.  Gayloid 
Thompson,  A.E.R.E.A.  1914  Committee  on  Block  Signals,  gives 
a  graphical  approximation  of  the  distance  and  time  in  which  a  train 
will  be  brought  to  rest  when  retarded  at  a  constant  rate.  Example; 
Assume  that  such  a  braking  force  has  been  applied  to  a  car  as 
to  produce  a  retardation  of  3  miles  per  hour  per  second.  It  is 
desired  to  know  how  long  a  time  will  be  required  for  the  car  to 
come  to  a  stop  and  in  what  distance  it  will  do  so  from  a  speed  ot, 
say,  so  miles  per  hour.  The  solid  line  for  3  miles  per  hour  per  sec- 
ond shows  that  a  speed  of  50  miles  per  hour  corresponds  to  a  brak- 
ing distance  of  600  ft.  This  is  indicated  by  the  point  A.  Directly 
bdow  A ,  at  the  point  where  a  vertical  line  dropped  from  A  intersects 
the  distance-time  curve  for  3  miles  per  hour  per  second  and  readinj; 
on  the  right-hand  scale,  we  Bad  that  the  time  required  for  the  stop 
is  16.5  seconds.  That  is,  with  this  rate  of  retardation  it  will  take 
16.5  seconds  to  stopacarnuuungatsornilesperliour,  andinstop- 


Pic.  I. — Distanceg  and  time  for  braking. 

ping  it,  a  distance  of  600  ft.  will  be  covered.  A  similar  procedure 
shows  that  from  60  miles  per  hour  the  same  braking  rate  will  stop 
the  car  in  20  seconds  and  8S0  ft. 

Braking  Distance  Including  Application  Time.  Neglecting  the 
energy  of  rotation  of  wheels  and  armatures,  neglecting  train  resist- 
ance, and  considering  the  time  required  for  the  brakes  to  become 
effective,  when  the  wheels  do  not  ^p 

'  -■•■"'■"  +  ?£! 

in  which  /    =  length  of  stop,  feet 

5  =  speed  of  train  at  beginning  of  stop,  miles  per  hour 
t  =  time  at  beginning  of  the  stop  during  which  the  brakes 
are  to  be  considered  as  having  no  effect,  seconds. 
The  value  of  t  depends  upon  the  equipmenL  In  the 
Pennsjrlvania-Westioghouse  1913  tests  on  a  twelve- 
car  train  it  was  found  to  range  from  1.0  to  1.5  seconds 
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for  the  quick  action  automatic  (PM)  brake  and  from 
0.70  to  0.85  seconds  for  the  electro-pneumatic  (UC) 
brake 

P  =  nominal  per  cent,  braking  power  (decimally  ex- 
pressed) corresponding  to  the  average  cylinder 
•  pressure  existing  for  that  portion  of  the  stop  after 
the  brake  is  considered  fully  applied.  (The  nominal 
per  cent,  braking  power  is  the  ratio  of  the  total  shoe 
pressure,  calculated  from  the  full  service  brake  cyl- 
inder pressure,  to  the  weight  of  the  car,  expressed  in 
per  cent.) 

e  =  efficiency  of  brake  rigging  (decimally  expressed) 

h  =  coefficient  of  brake-shoe  friction. 

In  the  absence  of  a  satisfactory  separate  determination  of  the' 
values  of  e  and  A,  Mr.  S.  W.  Dudley,  A.S.M.E.,  1914,  used  the 
following  values  of  eh  as  determined  in  the  Pennsylvania-Westing- 
house  19 13  tests. 

Values  of  eh 


Kind  of  brake  rigging 

Clasp  brake 

Single  shoe^ 

Type  of  brake  shoe 

Plain 

Flanged 

Plain 

Flanged 

Speed, 

miles 

per  hoar 

.  Nominal  per  cent, 
braking  pawer 

0.141 
0.129 
0.118 

0.103 
0.094 
0.086 

0.093 
0.084 
0.077 

0.169 

0.154 
0.141 

0.133 
0.II3 
0.102 

0.109 
O.IOO 
0.092 

0.108 

0.099 
0.090 

0.074 
0.068 
0.062 

0.070 
0.064 
0.059 

30 
60 
80 

125 
150 
180 

125 
150 
180 

125 
150 
180 

0.II3 
0.103 

0.094 

0.090 
0.083 
0.075 

0.074 
0.068 
0.063 

In  this  test  a  single  car  (locomotive  not  attached)  was  stopped 
from  an  initial  speed  of  60  miles  per  hour  in  725  ft.  This  was  the 
shortest  60  miles  per  hour  emergency  stop  made.  The  equipment 
was  electropneimiatic,  clasp  brake,  flaiiged  brake-shoes,  using  180 
per  cent,  braking  power.  Under  the  same  conditions  the  shortest 
stop  from  80  miles  per  hour  was  1422  feet. 

Braking  Distance,  Single  Car  Tests.  Tables,  I,  II  and  III, 
(pp.  474-478)  give  the  braking  distances  on  dry  rail  as  obtained  by 
tests  in  charge  of  Mr.  George  L.  Fowler  on  the  Brooklyn  Rapid 
Transit  System.  The  series  included  tests  of  five  different  makes 
of  hand  brakes  and  air  brakes  adjusted  to  four  different  ratios  or 
pressiires,  three  different  weights  of  cars,  with  and  without  sand. 
With  the  air  brake  the  car  was  stopped  by  the  "service"  application 
and  by  the  "emergency"  application.  Tests  were  made  on  an 
empty  car,  on  a  car  loaded  with  sand  to  represent  a  seated  load 

*  Value  of  data  uncertain,  due  to  non-uniform  brake-shoe  conditions. 
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and  on  a  car  loaded  to  represent  a  standing  load.  The  car  was 
stopped  when  running  at  $,  lO,  15  and  20  miles  per  hour.  Three 
stops  were  made  at  each  speed  and  load,  making  thirty-six  stops 
for  each  complete  test  on  each  brake  and  method  of  braking. 

Hand  Brakes  vs.  Air  Brakes.  Hand  brakes  are  satisfactory  for 
ordinary  operation  on  light  cars  and  should  be  supplied  for  emer- 
gency on  dl  cars.  However,  as  the  weight  of  a  car  increases  the 
difficulty  of  control  increases  till  it  reaches  such  a  value  that  power 
is  necessary  for  ordinary  braking.  Just  what  weight  should  divide 
the  hand  brake  class  from  the  power  brake  class  has  been  a  matter  of 
much  investigation,  many  tests  apd  disagreements.  The  diffi- 
culties of  such  tests  are  briefly  sununed  up  by  Mr.  J.  N.  Dodd  of 
the  Public  Service  Commission,  First  District,  New  York,  as  follows: 

**In  the  course  of  this  search  it  became  apparent  that  tests  do  not 
always  furnish  a  reliable  criterion  of  the  relative  value  of  different 
brakes.  They  merely  state  the  stopping  distance  of  the  car  under 
the  particular  conditions  that  obtained  at  the  time  of  the  test. 
Most  of  the  conditions  that  affect  this  distance  vary  widely.  Among 
these  varjdng  conditions  may  be  mentioned  the  brake-shoe  adjust- 
ment, the  weight  of  the  car,  the  condition  of  the  rail,  and  the  human 
element.  Most  of  these  factors  vary  widely  also  during  the  course 
of  the  day,  and  each  of  them  may  dhange  independently  of  any  of 
the  others.  Thus,  on  account  of  the  wear  of  the  brake-shoes,  the 
brake  adjustment  may  change  materially  even  in  the  course  of  a 
single  trip.  The  weight  of  the  car  is  continually  dianging,  owing 
to  the  varying  number  of  passengers.  The  condition  of  the  rail 
may  alter  entirely  in  the  course  of  a  few  seconds.  This  change  is 
often  sudi  that  a  visual  inspection  of  the  rail  fails  to  reveal  its 
quality.  Thus,  a  wet  rail  may  provide  an  ideal  surface  for  stopping 
a  car  quickly,  or  it  may  offer  the  reverse.  In  the  same  way,  though 
not  to  the  same  extent,  the  distance  in  which  a  car  may  be  stopped 
on  a  dry  rail  varies  according  to  whether  the  rail  is  clean  or  covered 
with  dust  or  dirt.  For  this  reason  it  is  impossible  to  be  sure  that 
the  rail  conditions  are  the  same  in  tests  on  two  different  brakes 
or  that  the  rail  conditions  at  the  time  of  the  test  correctly  represent 
average  rail  conditions  under  which  the  car  must  operate  through- 
out the  year.  The  human  element  also  is  extremely  variable.  In 
actual  service  there  are  many  strong  motormen  and  many  who  are . 
physically  weak,  many  who  are  intelligent  and  mentally  alert  and 
many  the  reverse,  many  in  fresh  physical  and  mental  condition  and 
others  may  be  tired  from  a  day's  work.  During  most  tests  the 
motorman  usually  knows  that  he  is  soon  to  receive  the  stopping 
signal  and,  knowing  what  he  is  expected  to  do,  is  intent  upon  doing 
t^it  thing  in  the  most  efficient  manner.  During  such  tests,  also, 
the  streets  are  usually  bare  of  traffic  and  the  motorman's  attention 
is  not  distracted  by  other  duties  such  as  making  up  lost  time,  keep- 
ing a  lookout  to  pick  up  passengers  and  obeying  the  conductor's 
signals.  Usually  a  picked  motorman  is.  chosen,  selected  for  his 
general  intelligence  and  interest  in  his  work.  The  motorman  is 
generally  in  fresh  physical  condition  and  therefore  in  good  mental 
condition  and  to  that  extent  capable  of  responding  to  any  demands 
made  upon  him.    The  results  obtained  in  service  at  the  close  of  a 
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long,  wearying  day's  work  would  be  entirely  different  from  the 
results  obtained  in  any  series  of  tests.  It  is  impossible  to  devise 
any  series  of  tests  under  conditions  which  even  approximate  the 
average  conditions  existing  in  actual  service  because  it  is  impossible 
to  teU  what  the  average  of  these  varying  factors  may  be,^' 

After  much  consideration  the  Public  Service  Conunission,  First 
District,  New  York,  required  cars  weighing  more  than  25,100  lb. 
to  be  equipped  with  air  brakes. 

Wei^t  Transfer  due  to  Braking.  The  following  is  based  on 
the  analysis  by  Mr.  R.  A.  Parke,  A.I.E.E.,  1902. 

Retardation  caused  by  the  application  of  brakes  to  the  wheels 
involves  a  redistribution  of  the'weight  which,  where  the  retardation 
corresponds  to  the  maximum  brake  application,  results  in  a  very 
serious  loss  of  braking  efficiency,  unless  means  be  provided  for  vary- 
ing the  brake-shoe  pressure  to  correspond  with  the  changed  wheel 
pressures.  Whatever  the  source  of  the  retarding  force,  its  operative 
effect  in  retarding  the  motion  of  the  car  is  the  same  as  that  of  an 
infinite  number  of  small  retarding  forces  each  engaged  in 
retarding  the  motion  of  an  elementary  portion  of  the  mass 
of  the  car,  and  therefore,  in  order  that  a  single  retarding 
force,  or  a  combination  of  retarding  forces,  shall  so  oper- 
ate, without  either  changing  the  direction  of  the  car's  motion, 
or  producing  rotation  of  the  structure  as  a  whole,  or  calling 
into  operation  other  forces  to  prevent  such  deviation  or  rotation, 
the  force  or  the  resultant  of  the  combination  of  forces  must  be  so 
applied  that  it  shall  pass  through  the  center  of  gravity  of  the  mass, 
in  a  direction  opposite  to  that  of  the  motion  of  tbe  car.  In  utilizing 
the  raU-friction  for  the  retarding  force,  while  it  has  the  proper 
direction,  it  is  applied  at  the  lowest  points  of  the  mass  of  the  car  and 
must  therefore  either  cause  rotation  of  the  entire  structure  or  the 
interposition  of  other  forces  which  combine  with  the  retarding 
force  to  preserve  the  simple  motion  of  translation.  The  car  may  be 
considered  as  a  single  mass  or  as  being  composed  of  three  separate 
masses,  according  as  it  is  provided  with  one  rigid  or  two  swiveling 
trucks.  Rotation  of  the  car  by  the  eccentric  retarding  force  does 
not  occur  in  either  case;  but,  in  the  first,  this  is  because  the  reacting 
pressure  of  the  rails  upon  the  forward  pair  of  wheels  exceeds,  that 
upon  the  rear  pair  of  wheels  in  such  measure  that  the  contrary  rota- 
tive moment,  thereby  introduced,  just  balances  that  of  the  eccentric 
retarding  force,  also  applied  by  the  rails  to  the  wheels.  In  the  case 
of  the  car  with  two  trucks,  the  retarding  force  is  applied  at  the  lower 
extremity  of  the  two  trucks,  being  equally  divided  between  them 
(if  constructed  alike);  that  portion  of  the  retarding  force  necessary 
to  retard  the  mass  of  the  trucks  is  absorbed  in  so  doing,  and  the 
remainder  is  applied  by  the  trucks  to  the  car  body  a^  substantially 
its  lowest  extremity.  In  consequence,  the  center  of  gravity  of  the 
car  body  being  above  the  points  of  application  of  the  retarding  force, 
rotation  through  the  eccentrically  applied  retarding  force  is  pre- 
vented only  by  the  resisting  rotative  moment  of  a  greater  support- 
ing pressure  from  the  forward  than  from  the  rear  truck.    Each 
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truck  is  subject  to  the  combined  rotative  moment  of  the  eccentric 
retarding  force  at  its  lower  extremity,  and  the  eccentric  reacting 
force  from  the  car  body  at  its  upper  extremity,  and  rotation  is  pre- 
vented only  by  the  contrary  rotative  moment  of  a  greater  support- 
ing pressure  by  the  rails  upon  the  forward  than  upon  the  rear  pair 
of  wheels.  Thus  the  very  act  of  applying  the  brakes  to  the  wheels 
produces  a  new  and  veiy  different  system  of  wheel  pressures  upon 
the  rails,  and  it  is  the  wheel  pressures  under  these  conditions  which 
determine  the  available  retarding  force.  As  the  total  pressure  of 
all  the  wheels  upon  the  rails  cannot  vary,  the  existence  of  a  greater 
rail  pressure  for  the  forward  than  for  the  rear  pair  of  wheels  of  the 
truck  implies  the  virtual  transfer  of  a  portion  of  the  normal  pressure 
from  one  pair  of  wheels  to  the-other.  The  brake-shoe  pressure  uf>on 
the  rear  pair  of  wheels  must  be  insufficient  to  cause  the  wheels  to 
slide  upon  the  rails  and  must  therefore  be  cut  down  in  proportion 
to  the  transfer  of  weight  from  the  rear  to  the  forward  pair  of  wheels. 
But  as  the  forward  pair  of  wheels  will  become  the  rear  pair  when  the 
car  moves  in  the  opposite  direction,  the  brake-shoe  pressure  upon 
that  pair  of  wheels  must  also  be  limited  in  the  same  way.  Thus,  the 
braking  pressure  upon  each  pair  of  wheels  must  be  restricted  to 
correspond  with  the  minimum  pressure  of  the  wheels  upon  the  rails. 

External  Farces'  Acting  on  ^  iMwrtfc»ofModo« 

Car  Body  in  Braking,   (Fig.  2 . ) 

Wia 


H    = 


2g 


J,        Wi      Wiaj 

^»  "^  T  -  ^ 
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«-^_.^4-± 


Pig.  2. — "Weight  transfer  in  braking. 
Ca 


in  which  H    =  horizontal  re-  ^^  ^^y- 

tarding  force  on  each  truck  center  pin,  pounds 

Pi  =  pressure  between  body  and  truck  rear  center  plates, 
pounds 

Pi  =' pressure  between  body  and  truck  forward  center 
plates,  pounds 

Wi  =  weight  of  car  body,  pounds.  (Center  of  gravity 
being  in  a  vertical  axis  midway  between  truck 
centers) 

j  =  height  of  center  of  gravity  of  body  above  center 
plate  surface,  inches 

/  .    =  distance  between  center  pins,  inches 

g  =3  acceleration  due  to  gravity,  feet  per  sec6nd  per 
second  =  32.2 

a     =>  rate  of  retardation,  feet  per  second  per  second 

=  (miles  per  hour  per  second)  X  1.467. 
31 
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External  Forces  Acting  an  Rear  Truck  in  Braking. 

Pi 


(Fig.  3.) 
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Pig.  3. — Weight  transfer  in  braking.     Truck. 

in  which  R%   —  total  pressure  between  rail  and  rear  pair  of  wheels, 

pounds 
R\   =  total  pressure  between  rail  and  front  pair  of  wheels 

of  rear  truck,  pounds 
T2  =  total  maximum  retarding  rail  friction  available 

between  rail  and  rear  pair  of  wheels,  pounds 
Ti   =  total  maximum  retarding  rail  friction  available 
between  rail  and  front  pair  of  wheels  of  rear  truck, 
pounds 
TF2  =  weight  of  each  truck,  pounds.     (Center  of  gravity 
of  truck  being  in  a  vertical  axis  midway  between 
wheels) 
=  total  weight  of  car,  pounds  =  TFi  +  2Wt 
=  height  of  truck  center  plate  surface  above  rail 
=  wheel  base  of  truck 

=  height  of  center  of  gravity  of  truck  above  rail 
=  coeflScient  of  adhesion   between   wheel   and   rail 
(0.25  may  be  used  for  this). 
For  significance  of  other  symbols  see  page  481. 

Brake-shoe  Suspension.  The  application  of  the  brake-shoes  at 
the  outer  face  of  the  wheels  results  in  an  upward  thrust  of  the  brake- 
hangers,  proportional  to  the  brake-shoe  friction,  upon  the  rear  end 
of  the  truck  frame,  and  a  corresponding  downward  drag  upon  the 
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forward  end.  However,  by  hanging  the  brake-beams  between  the 
wheels,  instead  of  outside,  and  inclining  the  hanger-links  at  a  proper 
angle,  the  increased  pressure  and  consequently  the  increased  friction 
of  the  brake-shoes  upon  the  forward  pair  of  wheels  and  the  dimin- 
ished pressure  and  friction  of  the  brake-shoes  upon  the  rear  wheels, 
due  to  the  effect  of  the  friction  itself  in  causing  the  shoes  to  press 
more  or  less  forcibly  upon  the  wheels  through  tne  angularity  of  the 
hanger-links,  are  made  to  correspond  with  and  compensate  for  the 
transferred  weight  f rom^  the^  rear  to  the  forward  wheels.  In  the 
same  manner  that  running  in  the  opposite  direction  causes  a  re- 
versal of  the  conditions  for  the  transfer  of  weight,  so,  too,  the  rota- 
tion of  the  wheels  in  the  opposite  direction  causes  a  reversal  of  the 
effect  of  the  inclined  hanger-links,  and  the  increased  brake-shoe 
pressure  is  always  applied  to  the  wheels  carrying  the  increased 
weight.  The  application  of  this  method  of  inclined  hanger-links 
is  not  without  somi  difficulty.  The  chief  trouble  is  that  no  con- 
stant angle  of  the  links  can  be  maintained,  as  the  wearing  away  of 
the  brake-shoes,  together  with  wearing  and  turning  down  or  grind- 
ing of  the  wheel  treads,  causes  constant  and  considerable  variation. 
Thus,  if  the  angle  of  inclination  and  the  braking  pressure  be  calcu- 
lated for  the  conditions  existing  when  the  brake-shoes  and  wheels 
are  new,  the  increased  angle  when  the  shoes  become  much  worn 
and  the  treads  have  been  well  turned  off,  would  probably  cause  the 
forward  wheels  to  slide  upon  the  rails.  On  the  other  hand,  if  the 
calculations  be  made  for  turned  or  ground  wheels  and  worn  shoes, 
the  rear  wheels  woidd  probably  slide  when  the  wheels  and  brake- 
shoes  are  new.  It  is  therefore  necessary  to  compromise  between 
the  extremes,  in  reference  to  the  angle  of  inclination  of  the  hanger- 
links,  by  inclining  the  hanger-links  at  the  angle  determined  when 
the  brake-shoes  and  wheels  are  each  half  worn,  and  the  brake-beam 
force  must  then  be  so 
established  that  neither  jMwotka  of  M<tk« 
pair  of  wheels  shall  be 
caused  to  slide  in  the 
extreme  positions  of  the 
hanger-lmks. 

Angle  of  Suspension 
of  Brake  Hanger.  (Fig. 
4.)  The  following  for- 
mula gives  the  angle  be- 
tween the  brake  hang- 
er-link and  the  tan- 
gent to  »the  wheel  at 

the  center  of  pressure  of  brake-shoe  face  necessary  to  secure  the 
maximum  retarding  force  with  inside  hung  brake-shoes  and  with 
motors  driving  all  axles: 

^*-'  — Wb — 

'  angle  between  brake-shoe  hanger-link  and  the 
tangent  to  the  wheel  at  center  of  brake-shoe  surface 

»  coefficient  of  brake-shoe  friction  (0.33  may  be  used 
for  this) 


Pig.  4. — Brake-hanger  busx>ension  angles. 


in  which    0 

r 
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k  «  ratio  of  linear  inertia  to  total  inertia  of  cars.     (See 
p.  170.) 
For  significance  of  other  symbols  see  pages  481  and  482. 

Brake-beam  Pressure  {Motors  Driving  All  Axles),     (Fig.  4.) 
P   -       qW^(i  —  f « tan*  ^)  cos  0 

4rkiW  +  2qWi  {)  cos  (a  +  ^) 


in  which  P   =  horizontal  braking  force  applied  to  brake-beam  in 

the  direction  of  motion  of  the  train,  or,  the  sum 
of  the  horizontal  braking  forces  applied  to  one  pair 
of  wheels  in  the  direction  of  motion  of  the  train, 
pounds 
a   =  angle  between  radius  of  whe^l  to  center  of  brake- 
shoe  surface  and  the  horizontal. 
For  significance  of  other  symbols  see  preceding  paragraph,  also 
pages  481  and  482. 

Wear  on  wheel  and  brake-shoe  will  bring  about  a  change  in  the 
values  of  the  angles  a  and  0  and  the  dimension  j,  consequently  the 
value  of  the  force  P  will  vary  during  the  life  of  wheel  and  brake-shoe. 
The  value  of  the  force  P  should  be  determined  for  new  whe^  and 
brake-shoes,  and  again  for  worn  wheels  and  brake-shoes.  The 
lesser  value  thus  obtained  will  be  the  maximtim  value  of  P  that 
may  be  safely  used. 

Braking  Power.  The  following  values  were  given  by  Mr.  E.  H. 
Dewson  in  the  Electric  Journal,  1905,  to  show  the  approximate 
relation  which  the  pressure  applied  to  the  brake-shoes  should  bear 
to  the  total  weight  of  the  braked  wheels  to  produce  a  brake  friction 
equivalent  to  the  adhesion  of  the  wheels  to  the  rails.  Considera- 
tion is  given  to  the  fact  that  the  coefficient  of  brake-shoe  friction 
is  less  at  high  speeds  than  at  low. 


Speed, 
miles  per  hour 

Approximate  ratio  of  total  pressure  on  brake-shoes 
to  total  weight  on  braked  wheels. 

Coefficient  of  adhesion 

• 

0.-30 

"0.35 

0.30 

0.15 

7W 
IS 

30 
30 
40 

SO 

60 

1.30 

1.64 
1.83 
3.07 
3.48 
4.14 

1 

1.04 
1. 18 
1.37 
t.53 
1.73 
3.07 

3.47 

0.83 

0.94 
1.09 
1.33 
Z.38 

l.6s 

3.77 

0.60 
0.70 
0.83 
0.92 

^  1.04 

3.08 

Importance  of  Proper  Relation  between  Air  Pressure,  Piston 
Area  and  Leverage.  The  following  is  from  a  paper  by  Mr.  Fred 
Heckler,  C.E.R.A.,  1907: 

Pressure.  If  more  than  2  per  cent,  braking. power  per  pound  of 
cylinder  pressure  is  attempted,  a  very  high  braking  power  for  light 
cylinder  pressures  is  obtained  and,  therefore,  the  cars  cannot  be 
handled  without  shocks  at  low  speeds  and  either  the  range  between 
maximum  and  minimum  braking  power  obtainable  must  be  very 
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narrow  or  else  wheel  sliding  wUl  result  when  the  maximum  power 
is  used. 

Brake  Piston  A  rea.  If  the  ratio  of  cylinder  piston  area  to  cylinder 
pressure  is  excessive,  it  means  either  a  low  leverage,  with  great 
shoe  movement  or  high  leverage  with  low  pressure,  which  gives 
a  very  narrow  range  between  maximum  and  minimum  braking 
power. 

Leverage.  If  the  leverage  is  too  low,  it  means  excessive  air  con- 
sumption and  too  much  shoe  movement;  if  too  high  (that  is,  brake 
cylinder  too  small  for  weight  of  car,  and  it  is  here  that  the  principles 
governing  brake  design  are  violated  most  frequently),  smooth  and 
accurate  handling  of  the  car  or  train  becomes  impossible  and  the 
shoes  are  constantly  grinding  on  the  wheels,  consuming  energy, 
wearing  out  the  shoe  and  causing  loss  of  time;  or  else  piston  travel 
must  be  lengthened  out,  thus  greatly  increasing  the  air  consumption, 
lengthening  the  time  of  application  and  release,  and  reducing  both 
service  and  emergency  braking  power.  Besides,  the  high  leverage 
makes  necessary  a  frequent  adjustment  of  piston  travel  or  a  con- 
stant and  very  rapid  decrease  of  braking  power  will  result.  Further- 
more, high  leverage,  if  made  at  truck  levers,  necessitates  low  hiuig 
brake-shoes,  which,  when  suspended  from  a  spring-supported  part 
of  the  truck,  results  in  great  increase  of  piston  travel  and  resultant 
decrease  of  braking  power  with  the  loading  of  the  car;  this  always 
occurs  at  a  time  when  readjustment  of  piston  travel  is  impracticable 
and  when  instead  of  a  decrease  of  braking  power  an  increase  is 
greatly  to  be  desired.  In  addition,  the  danger  of  the  levers  fouling 
is  greatly  increased,  particularly  where  the  truck  leverage  ratio  is 
high,  and  very  frequent  and  careful  inspection  is  required  or  the 
total  loss  of  the  bra!ke  may  result. 

Diameter  of  Brake  Cylinder,  Total  Leverage  Ratio  and 

Weight  of  Car 


Diameter 

of  cylinder 

in  niches 

Force  of 

piston  at 

6olb. 

Total 

leverage 

ratio 

Weight  of  car  with  brake  power 
equal  to 

90 
per  cent. 

100 

per  cent. 

no 
per  cent. 

8 

10 
13 

14 

3,000 

4.700 
6,700 

9,200 

12      to  I 
ZI      to  I 
loH  to  I 
10      to  I 

40,000 

S7.800 

80,000 

102,300 

36,000 
SI. 700 
72,000 
92.000 

32.750 
47,300 
os.Soo 
83,600 

Positioa  of  Brake-shoe  on  WheeL  If  the  brake-shoe  is  hung 
too  far  below  the  center  of  the  wheel  and  the  parts  are  badly  worn, 
the  application  of  the  brakes  may  cause  the  brake-shoe  to  form  a 
toggle  joint  with  the  wheel,  stopping  the  rotation  of  the  wheel. 
This  makes  braking  inefficient  and  brings  about  unnecessary  brake- 
shoe  and  wheel  wear.  In  tKe  above-mentioned  paper  by  Mr.  Parke 
it  is  stated  that  the  center  of  the  brake-shoe  should  be  about  3H  in. 
bdow  the  center  of  the  wheel.  For  the  standard  location  adopted 
by  the  Central  Electric  Railway  Association  see  below  (''Center 

on  Brake-shoe  ")• 

Brake  C^Uader.  Lever  and  Pigging  Standards  of  the  Central 
Electric  Railway  AssodatiQn.    The  foUowing  recommendations  of 
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the  Standardization  Committee  were  adopted  by  the  AssociaiioD. 


STANDARD  BRAKE  CILINDER5 


ALL  PINS  TO  HE  V^'lESS  IN  DUHETKB  i: 


(.4)  Revision  of  Standard  Air  Brake  Cylinders,  Lexrs  and  Brake 
f^iggini-  Recommeoded:  That  tbe  standard  airbrake  practice 
should  be  according  to  revised  print  No.  C-2  (see  Fig.  5)  as  follows: 

I.  All  braking  power  to  be  based  on  50  lb.  cylinder  pressure. 
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This  in  order  to  avoid  confusion  when  stating  percentages  of  brak- 
ing power  that  may  be  figured  on  different  brake  cylinder  pressures; 
e.g.f  IOC  per  c^nt.  braking  power  on  60  lb.  cylinder  pressure  may  be 
tiJcen  to  mean  greater  thaji  100  per  cent,  on  50  lb.  cylinder  pressure, 
and  if  this  is  always  referred  to  on  a  common  base,  confusion  will 
be  avoided. 

2.  All  interurban  cars  to  be  braked  at  100  per  cent,  of  light  weight 
on  rails  and  motor  axles,  and  90  per  cent,  on  non-motor  and  tra&er 
axles. 

3.  All  dty  cars  to  be  braked  at  85  per  cent,  on  motor  axles  and 
75  per  cent,  on  non-motor  and  trailer  axles.  Seventy-five  per  cent. 
on  50  lb.  is  practically  the  same  as  90  per  cent,  on  60  lb. 

4.  Brake  pressure  to  be  70  lb.  per  square  inch  with  automatic 
equipments.  ^  ^  ^ 

5.  Governor  adjustment — 85  and  100  lb.  for  automatic  equip- 
ment. Governor  adjustment — 50  and  65  lb.  for  straight  air  equip- 
ment. 

6.  The  standing  piston  travel  adjustment — 4  in. 

7.  Total  truck  leverage  to  be  6  to  i  for  long  wheel  base  trucks 
for  inside  hung  motors,  and  9  to  i  for  short  wheel  base  trucks  with 
outside  hung  motors. 

8.  A  12  to  I  maximum  total  leverage  is  permissible  when  brake- 
shoes  are  hung  not  more  than  2  in.  below  the  center  of  the  wheel. 
If  brake-shoes  are  hung  lower  than  this  it  will  be  necessary  to  reduce 
the  maximum  total  leverage  accordingly,  and  if  brake-shoes  should 
be  hung  5  or  6  in.  below  the  center  of  the  wheel  a  total  leverage  of 
10  to  I  should  be  the  limit. 

9.  The  standard  M.C.B.  recommen- 
dations for  maximum  stress  in  levers, 
rods  and  pins  to  be  adopted  as  follows: 

(a)  Maximum  stress  in  levers — 
23,000  lb.  per  square  inch,  {b)  Maxi- 
mum stress  in  rods,  except  jaws — 
15,000  lb.  per  square  inch,  no  rod  to 
be  less  than  ^  in.  (c)  Maximum  stress 
in  jaws  to  be  10,000  lb.  per  square 
inch,     (d)  Maximum  shear  on  pins— 

10,000  lb.  per  square  inch,  single  shear.      _        <c     o.    j    ^    u    1 
(e)  Diameter  of  pins  to  provide  a  bear-  .h^V^i^^  0.n"  El«f  R^ 
ing  value  not  to  exceed  23,000  lb.  per  Assn. 
square  inch,  projected  area. 

10.  Safety  valve  adjustments — 10  lb.  above  maximum  governor 
setting. 

{B)  Center  on  Brake-shoe,  Recommended:  That  center  of 
brake-shoe  be  set  2  in.  below  center  of  wheel.     (See  Fig.  6.) 

Clasp  Brake.  The  following  is  based  upon  comments  by  Mr. 
S.  W.  Dudley,  A.S.M.E.,  19 14,  after  the  Pennsylvania- Westing- 
house  1913  tests:  The  use  of  the  clasp  type  of  brake  rigging  elimi- 
nates unbalanced  braking  forces  on  the  wheels  and  so  avoids  the 
undesirable  and  troublesome  journal  and  truck  reactions  that  come 
from  Uie  use  of  heavy  braking  pressures  on  but  one  side  of  the  wheel. 
This  not  only  has  an  important  effect  on  freedom  from  journal 
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troubles,  but  it  also  enables  the  wheel  to  follow  freely  vertical 
inequalities  of  the  track.  Although  the  clasp  brake  rigging  will 
produce  better  stops  than  a  single  shoe  brakfe  rigging  equally  well 
designed  (other  conditions  being  equal),  its  advantage  in  this  direc- 
tion is  of  less  importance  than  in  the  improved  truck,  journal  and 
shoe  conditions.  The  use  of  two  shoes  per  wheel  permits  a  design 
of  rigging  which  will  allow  flanged  shoes  to  be  used  without  danger 
of  pinching  flanges  and  causing  excessive  flange  wear  or  non-uni- 
form brake  forces  which  result  when  flanged  shoes  are  used  with 
rigid  beam  connections.  The  use  of  two  shoes  instead  of  one  per 
wheel  will  result  in  a  higher  coefficient  of  friction  and  less  wear  per 
unit  of  work  done.  A  comparison  of  the  values  of  mean  coefficient 
of  friction,  for  standard  and  for  clasp  brake  conditions  indicates 
a  decided  advantage  for  the  clasp  brake  throughout  the  entire 
range  of  braking  powers.  The  gain  in  favor  of  the  clasp  brake  with 
slotted  shoes  amounts  to  about  40  per  cent,  at  a  braking  power  of 
180  per  cent.,  and  100  per  cent,  at  a  braking  power  of  40  per  cent., 
an  average  gain  for  the  whole  range  of  braking  powers  of  about 
70  per  cent. 

From  a  brake-shoe  standpoint  the  advantage  of  using  two  shoes 
instead  of  one  shoe  per  wheel  may  be  summed  up  as  follows:  First, 
the  clasp  brake  is  associated  with  but  one-half  the  wheel  load  and 
consequently  has  but  one-half  as  much  energy  to  absorb;  second, 
the  clasp  brake-shoe  is  working  at  only  one-half  the  shoe  pressure 
at  which  the  standard  shoe  must  work  under  the  same  braking 
power;  third,  the  available  work  area  for  the  same  amount  of  energy 
to  be  absorbed  is  double. 

A  possible  source  of  disadvantage  when  using  two  shoes  per 
wheel  is  that  a  warped  or  poorly  bearing  shoe  is  subjected  to  less 
pressure  tending  to  force  it  into  a  good  contact  with  the  wheel. 
For  this  reason,  though  the  available  shoe  area  is  doubled  when 
using  dasp  brakes,  the  actual  amount  of  working  metal  throughout 
the  stop  may  be  less  than  with  a  single  shoe,  which  is  l^ss  capable 
of  resisting  the  tendency  of  the  heavier  pressure  to  cause  a  better 
fit  of  shoe  to  wheel. 

With  plain  solid  shoes  the  durability  will  be  increased  41.1  per 
cent,  under  clasp  brake  conditions  as  compared  with  that  under 
single  shoe  conditions.  With  plain  slotted  shoes  the  durability 
will  be  increased  33.5  per  cent,  under  clasp  brake  conditions  as 
compared  with  that  under  single  shoe  conditions. 

Following  is  a  description  of  the  clasp  brake  installation  on  the 
cars  of  the  New  York,  Westchester  and  Boston  Railway:  Each 
motor  truck  is  fitted  with  eight  brake-shoes,  two  shoes  being  applied 
to  each  wheel.  The  purpose  of  this  clasp  brake  design  is  ta  reduce 
the  pressure  per  brake-shoe  to  reasonable  limits  when  an  emergency 
application  of  the  air  brake  is  made.  It  also  minimizes  the  heating 
effect  on  the  brake-shoes,  as  the  regular  schedule  in  which  these 
cars  are  used  involves  frequent  station  stops  from  high  speeds.  A 
short  brake  rod  with  a  clevis  and  roller  connects  the  cylinder  lever 
to  a  radius  bar.  The  latter  is  supported  at  each  end  by  rocking 
levers  which  tend  to  move  by  gravity  into  a  position  to  release  the 
brake-shoes  when  the  pull  from  the  air  brake  cylinder  is  released. 
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From  each  end  of  the  radius  bar  a  rod  extends  toward  the  transoms 
and  ia  attached  in  the  center  of  a  short  horizontal  floating  lever.  The 
inner  end  of  this  leVK  is  fastened  to  the  top  of  a  live  brake  lever, 
'  carrying  a  shoe  bearing  on  the  inside  of  one  wheel.  A  pair  of  rods 
straddling  the  wheel  connect  the  bottom  of  this  live  lever  to  the 
bottom  tS  the  d^  lever  which  is  hui^  from  the  truck  end  irane. 


Atliiutar  Feed  Pipe 


automatic  alack  adjus 


Pig.  B.— Details  of  American  automatic  slack  adjuater. 

Means  are  provided  for  adjusting  the  length  of  these  bottom  con- 
nections as  the  shoes  and  wheels  wear.  The  outer  end  of  the 
horizontal  floating  lever  is  connected  by  a  ro^  to  the  end  of  a  cen- 
trally pivoted  lever  of  the  same  length  on  the  other  ^de  of  the  bol- 
ster. The  inner  end  of  this  pivoted  lever  is  fastened  to  the  live  brake 
lever  of  the  other  wheel.  The  arrangement  of  levers  on  each  side 
of  the  truck  is  the  same,  but  the  two  sides  operate  independently 
of  each  other  except  for  the  single  connection  through  the  radius  bar. 
Automatic  Slack  Adjuster.  The  function  of  the  automatic 
slack  adjuster  is  to  automatically  maintain  the  brake-shoe  travel 
at  a  practicable  minimum  while  keeping  the  piston  travel  at  a 
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a  a^d  nearly  uniform.  By  d<Hng  this,  a  d 
ciency  of  brakes  19  approached,  the  necessity  of  inspection  for  the 
adjustment  of  brakes  is  eUminated,  the  brakes  on  all  cars  operate 
as  iLcarly  alike  as  may  be  and  their  operation  is  nearly  the  same 
throughout  the  Ufe  of  the  brake-shoes,  the  energy  consumption  ajid 
brake^hoe  wear  due  to  shoes  dragging  are  eliminated  and  a  mini- 
mum of  air  and  the  accompanying  minimum  amount  of  energy  and 
compressor  duty  are  demanded.  Automatic  slack  adjusters  are 
usually  located  either  at  the  brake  cylinder  or  on  the  truck.  Figs. 
7,  S  and  9  show  typical  adjusters  located  at  the  brake  cylinder  and 
Fig.  10  shows  a  t)^ical  adjuster  located  on  the  truck  where  it  takes 
the  place  of  the  ordinary  tumbuckle  brake  rod  comiecting  the 
bottoms  of  the  Uve  and  dead  levers. 

American  Automatic  Slack  Adjuster.  (Hgs.  7  and  8.)  The  ad- 
juster cylinder  is  connected  by  the  ad  juster  feed  pipe  to  a  port  in  the 
brake  cylinder  wall.  When  the  brake  piston  uncovers  this  port, 
compressed  air  flows  to  the  adjuster  cylinder  (see  Fig.  8),  thus 
operating  its  piston  which  in  turn  actuates  a  pawl  engaging  the 
ratchet  wheel  and  nut  on  the  screw.  Release  ol  brakes  allows  the 
spring  in  the  adjuster  cylinder  to  return  the  piston  in  the  latter  to 
its  normal  position,  resulting  in  the  rotation  of  the  ratchet  nut  on 
the  adjusting  screw.    The  inner  e^  of  the  screw  carries  a.  jaw 


Fig.  s).— Creco  autoi 
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whicb  acts  as  a  fulcrum  for  the  adjustable  or  floating  lever  of  the 
brake  cylinder. 

Creco  Antonutk  Slack  Adjuster.  (Fig.  9.)  Pin  A  travduig  in 
slot  B  of  bracket  F  passes  beyond  the  straight  line  which  is  made 
the  length  of  the  desired  piston  travel  and  goes  into  that  part  of  the 
bracket  slot  which  is  at  an  a.ngle  of  41;  deg.  from  the  straight  tine 
or  the  line  of  normal  piston  travel.  The  action  of  the  pin  in  travel- 
ing tlirough  tlie  angled  portion  of  the  slot  is  to  carry  the  ratchet 
pawl  over  the  teeth  of  me  ratchet  D,  and  upon  the  return  of  the 
pin  bock  to  the  angle  with  the  release  of  the  brakes  to  turn  the  barrel 
C,  which  is  rigidly  attached  to  the  ratchet,  upon  the  screw  portion 
of  the  push  rod  proper,  thereby  lengthening  the  distance  E  from 
the  lever  pin  hole  in  the  jaw  to  the  end  of  cylinder  C. 


Fig.  la. — Anderson  aDtomatic  ilack-adjiutcT. 

Brake  RlggLog  Calculatioii.  Fig.  11  gives  formulas  for  calcu- 
lating truck  pull  rod  force,  brake-^oe  pressure  and  the  dimensions 
of  the  lever  carrying  the  brake-shoe  for  the  three  general  methods 
of  suspen^on.  {See  also  Fig.  15.)  Figs.  11  and  13  give  formulas 
which  show  the  relations  between  the  brake-shoe  pressures  on  adja- 
cent wheels  and  the  pull  rod  force  By  an  adjustment  of  the  lever 
dimenaions  these  brake-shoe  pressures  may  be  made  to  bear  a 
desired  relation  to  each  other. 

Tlie  following  example  of  brake  li^ng  calculation  (see  Fig.  15) 
b  by  Mr.  E.  H.  Dewson,  Electric  Journal,  1905: 

A  car  weighing  46,700  lb.  without  load  has  a  weight  of  33,300  lb, 
on  the  motor  truck  and  14,500  lb.  on  the  trailer  truck.  The  motor 
truck  is  equipped  with  inside  hung  brake-shoes  connected  directly 
to  a  double  set  of  levers,  no  brake-beams  being  used.  Th«  trailer 
truck  has  outside  hung  shoes  mounted  on  brake-beams,  conse- 
quently a  dngle  set  of  levers  is  used.  One  hundred  per  cent.,  brake 
Kwer  op  the  motor  wheels  requires  a  force  of  8050  lb,  at  each 
ike-shoe.  Ninety  per  cent,  brake  power  on  the  trailer  truck 
requires  a  force  of  6525  lb.  at  each  brAe-beam.  The  total  brake 
power  will  be  45, as"  lb,,  and  as  a  10-in.  piston  under  a  pressure  of 
60  lb.  per  square  inch  exerts  a  force  of  4700  lb,,  the  total  leverage 
ratio  will  be  about  9.6  to  i,  which  is  satisfactory.  The  levers  sup- 
plied with  the  motor  truck  are  17  in.  long  and  the  shoes  are  hung 
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7H  in.  from  the  lower  end.     Considering  the  dead  lever  first  with 

its  fulcrum  at  the  upper  end  we  know  the  delivered  force  W  and  its 

(Ustance  b  from  the  fidcrum,  also  the  distance  a  from  the  fulcrum 

to  the  applied  force  ^ 

F;  substituting  ^J^ i— -^-({l> 

these  values  in  the 

,.      -    WXb 
equation  r  = 


we     have 
8050  X  19.5 


a 
P     « 

=  5814 


27 

lb.  as  the  stress  in 
the  adjusting  rod. 
Considering  the 
lower  end  of"  live 
lever  as  the  fulcrum 
we  have  W  =  8050 
lb.,  b  =  7.5  in,  and 
a  =   27  in.,  conse- 

auently  the  pull  at 
le  upper  end  F  = 

82So^  -  2*36. 

The  proof  is  that 
5814  +  2236  —  8050. 
As  a  pidl  of  2236  lb. 


W  ^ 


F'  - 


F  (a  4-  ft) 


W  - 


WXh 

a 
F  X  a 

w 
F'  Xc 

ic+d) 


W 


W*  when  f- 
o 


d 


See  also  Fig.  9. 

Fig.  12. — Braking  pressures  on  adjacent  pairs 
of  wheels,  I. 


must  be  exerted  on  each  side  of  the  trucks,  the  stress  in  the  truck 
pull  rod  will  be  4472  lb.  For  the  dead  lever  of  the  trailer  truck 
we  have  W  =  6525 
1^.,  b  —  22.5  in.  and 
a  —  IS  in.,  conse- 
quently the  stress  in  ?**?^ 

Ti.        j»     .•  J.  •  center 

the  adjusting  rod  is 
2?  ^  ^525  X  22.5 

=  9787.5  lb. 
With  the  intermedi- 
ate point  of  the  live 
lever  taken  for  the 
fulcrum,  W  »  6525 
lb.,  b  ^  7.5  in.  and 
a  =  15  in.  and  the 
stress  in  the  pull  rod 

p  «  6525  X  7-5  F 

IS  J.       /_Xa 

«  3262.S  lb.  °  "  w-  F 

The    proof   is   that      Fig. 
^S^S    +   3262.S    = 

9787.5. 

It  is  now  necessary  to  so  proportion  the  push  rod  lever  that  with 
a  piston  force  of  4700  lb.  it  will  deliver  3262  lb,  (neglecting  the 


(a+fr) 
(PT  -  F)b 
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F  {c  -\-  d)  a 
bXd 
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W  when  ^ 
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d 


13. — Braking  forces  on  adjacent  pairs  of 
wheels,  II. 
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half)  to  the  trailer  truck  pull  rod,  and  the  cylinder  lever  that  it 
will  deliver  4472  lb.  to  tne  motor  truck  puU  rod.    For  efficient 

operation  of  the  slack  adjuster  these  levers 
should  not  be  less  than  30  in.  long;  with 
short  levers  the  action  of  the  adjuster 
would  cause  excessive  angular  distortion. 
If  the  applied  force  at  the  cylinder  end 
of  the  push  rod  lever  is  4700  lb.,  and  the 
delivered  force  at  the  pull  rod  is  3,262  lb., 
that  at  the  push  rod  will  be47oo  Hh  3262  = 
7962  lb.  Assuming  that  the  puU  rod  pin 
is   the    fulcrum  we    have   F  =    4700, 

a  =  30  in.,  W  =s  7962  and  b  = 


PTi  —  w  cos  a 
in  which  Wi  is  force  normal 
to  the  wheel  treads  at  cen- 
ter of  brake-shoe  surface. 

Pig.  14. — Relation  be- 
tween horizontal  and  nor- 
mal braking  forces. 


4700  X  30 
7962 


w 

=  i7»Me  in.     For  the  cyl- 


inder lever  we  have  F  «  7962  lb.,  TV  = 
4472  lb.,  and  b  ^  30  in.,   therefore 

=  16  Ji  in. 


_  4472  X  30  _ 

a  = 2 

7962 

With  the  ordinary  brake  handle,  staff  and  chain  supplied  with 

electric  cars,  1200  lb.  is  about  as  much  force  as  the  average  man 

can  exert  on  the  hand  brake  pull  rod.    This  must  be  multiplied  to 


Hand  Brake  Rod  ^°jgr"n 

mf 


Fulcraxn 


\H80BO 
58i4»    Y 


AsOM 


Car  weighs  46,700  lb. 

32,300  lb.  on  motor  truck         100%  brake  power  00  motor  truck 

14,500  lb.  on  trailer  truck  90%  brake  power  on  trailer  truck 

Pig.  15. — Calculations  for  a  specific  brake  equipment. 
4700  to  give  the  same  brake  power  by  hand  as  by  air  pressure. 
Using  a  multiplying  lever  18  in.  long  and  connecting  to  the  push 
rod  pin  by  a  chain  fastened  10  in.  from  the  fulcrum,  the  force  re- 


quired at  the  end  of  the  lever  will  be 


10  X  4700 
18 


=  2611  lb.    As- 


suming that  the  hand  brake  lever  is  6  ft.  long  and  pivoted  at  the 
center,  we  have  F  —  1200  lb.,  a  «  36  in.,  W  =  261 1  lb.  and  b  = 

1200  X  36         ,       .  ^.    „      ,,,  . 

:: — ^^——  16.54  m.,  or  practically  16H  m. 

2611 

Brake  Riggiiig  Efficiency.    A  part  of  the  brake  cylinder  force  is 

lost  in  being  transmitted  to  the  brake-shoe  and  as  the  leverage  of 
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the  brake  rigging  is  calculated  from  the  piston  force  it  is  necessary 
to  make  proper  allowance  for  this  frictional  loss.  The  efficiency 
of  the  rigging  will  depend  upon  the  equipment,  condition  and  pres- 
sure used.  Tests  to  determine  its  value  have  been  unsatisfactory. 
Such  tests  have  yielded  various  values,  but  they  indicate  that  in 
most  cases  the  value  for  ordinary  equipment  in  good  condition 
probably  lies  between  80  and  85  per  cent.  Commenting  on  the 
Pennsyivania-Westinghouse  1913  tests,  Mr.  S.  W.  Dudley, 
A.S.M.E.,'  1 914,  states  that  they  indicate  that  at  least  85  per  cent, 
transmission  efficiency  could  be  obtained  with  either  single  shoe 
or  clasp  brake  rigging.  These  tests  indicate  that  the  following 
features  are  important  in  securing  the  maximum  overall  brake  rig- 
ging efficiency :  (a)  protection  against  accidents  that  may  result  from 
parts  of  rigging  dropping  on  the  track;  {b)  maximum  efficiency  of 
brake  rigging  at  all  times  to  insure  the  desired  stopping  with  a  mini- 
mum per  cent,  of  braking  power;  (c)  uniform  distribution  of  brake 


Fig.  x6. — Brake  rigging  for  low  flioor  car. 

force,  in  relation  to  weight  braked,  on  all  wheels;  (d)  with  a  given 
nominal  pe^  cent,  braking  power,  the  actual  braking  power  to  re- 
main constant  throughout  the  life  of  the  brake-shoes  and  wheels; 
(e)  piston  travel  to  be  as  near  constant  as  practicable  under  all  con- 
ditions of  cylinder  pressure;  (/)  minimum  expense  of  maintenance 
and  running  repairs  of  brake  rigging  between  the  stopping  of  cars. 
Brake  Rigging  for  Low  Floor  Car.  Fig.  16  shows  tlie  general 
scheme  of  the  foundation  brake  gear  used  on  the  New  York  low 
floor  cars.  Levers  pivoted  to  the  truck  at  their  upper  end  serve 
as  hangers  for  the  brake-shoes  for  the  motor  wheels.  The  lower 
ends  of  these  levers  are  connected  by  a  tie  bar  actuated  by  two 
compression  members,  which  at  their  other  ends  form  fulcrums  for 
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two  horizontal  levers.  The  short  ends  of  the  horizontal  levers 
apply  pressure  to  the  shoes  of  the  pony  wheels.  The  long  ends  are 
connected  by  an  equalizing  bar  which  is  acted  on  by  a  push  rod, 
the  latter  being  pinned  to  the  lower  end  of  a  vertical  lever  ful- 
crumed  to  the  car  body.  Thus  the  brake  rigging  of  the  truck  clears 
the  low-hanging  body  and  divides  the  brakmg  power  between  the 
wheels  in  proportion  to  the  weight  carried,  due  allowance  having 
been  made  for  the  inertia  of  the  revolving  parts.  Provision  for 
adjusting  the  brake  rigging  to  compensate  for  shoe  wear  has  been 
made  in  the  construction  of  the  compression  members  between 
the  brake-beam  of  the  motor  wheels  and  the  small  horizontal  levers. 
The  brake-beam  end  of  these  compression  members  is  threaded 
and  passes  through  holes  in  the  beam;  sleeve  nuts,  of  which  the 
sleeves  fiU  the  hole  in  the  beam  nicely,  provide  the  means  for  making 
the  adjustment,  after  which  the  sleeve  nuts  are  locked  together  so 
that  there  is  no  lost  motion  between  the  beam  and  the  xx>mpression 
members.  The  upper  end  of  the  vertical  lever  above  mentioned  is 
connected  to  the  pull  rod  proper  of  the  car-body  brake  rigging, 
which  is  actuated  through  a  pair  of  levers  by  a  br£^e  cylinder  7  in. 
in  diameter  and  of  8-in.  stroke.  Space  Hmitations  necessitate  the 
use  of  a  double  system  of  levers  together  with  the  shortest  possible 
brake  cylinder.  Truck  pull  rods  extend  beyond  the  cylinder  Jever 
in  order  that  the  hand  brake  connection  may  be  made  through  a 
pair  of  equalizing  levers.  The  pull  rod  end  of  each  of  these  levers 
is  provided  with  an  eye  so  that  the  pull  rod  is  free  to  move  through 
it,  when  actuated  by  the  brake  cylinder,  without  disturbing  the 
hand  brake.  This  rod  was  necessary  because  the  very  small  clear- 
ance between  the  under  side  of  the  car  flooring  and  the  surface 
of  the  street  woidd  not  admit  of  any  sagging  chains  such  as  are  used 
ordinarily  for  the  connection  between  the  hand  brake  rigging  and 
the  portion  operated  by  air.  The  release  of  the  brake-shoes  is 
accomplished  by  the  weight  of  the  shoes  on  the  motor  wheels  and  a 
release  spring  on  the  car  body  which  acts  against  one  of  the  cylinder 
levers.      (See  also  page  508). 

Typical  Hand  Brake  Sdiemes.  The  more  common  hand  brakes 
may  be  divided  into  four  types,  namely:  gearless  staff,  spur-geared 
staff,  spur-geared  staffless  and  worm-geared  staff.  The  scheme 
of  each  of  these  is  shown  by  Fig.  17.  Although  the  drum  on  which 
the  chain  is  wound  may  be  of  uniform  diameter  throughout  its 
length,  many  of  the  drums  now  used  are  conical  or  eccentric  so 
that  the  slack  chain  may  be  rapidly  taken  up  over  the  portion  of 
large  radius  and  the  final  tension  applied  to  the  chain  at  small 
radius,  thereby  giving  a  maximum  tension  when  it  is  needed.  As 
the  crank  or  handwheel  is  turned,  the  tension  is  transmitted 
through  this  chain,  thence  through  a  rod,  thence  through  a  chain  to 
the  brake  lever  system  (see  Fig.  15).  In  calculating  the  relation 
of  tension  in  the  hand  brake  rod  to  the  pull  applied  to  the  crank, 
the  distance  ft,  Fig.  17,  is  the  effective  radius  of  the  drum  when 
the  brakes  are  fully  applied.  This  distance  varies  according  to 
the  shape  of  the  chain,  its  method  of  winding  and  the  travd  of 
the  brake-shoes.  Tests  made  by  Mr.  G.  L.  Fowler  on  the  cars  of 
the  Brooklyn  Heights  Company,  using  dynamometers  in  the  truck 
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pull  rods,  showed  the  braking  pressure  at  the  wheels  to  vary  as 
much  as  40  per  cent,  with  a  given  pressure  applied  to  the  brake 
handle  on 'different  applications  on  the  same  car.  This  was  found 
to  be  due  entirely  to  the  manner  in  which  the  chain  rolled  on  the 
brake  staff.  * 
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Pig.  17. — Typical  hand  brake  schemes. 
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Geariess  Staff  Hand  Brake  (A,  Fig.  17).  The  gearless  staff  is 
the  most  common  type  of  hand  brake  used  on  light  cars. 

(tension  in  rod)  =  -7  X  (pull  on  handle). 

Spur-geared  Staff  Hand  Brake  (B,  Fig.  17).  An  increase  in 
mechanical  advantage  over  that  of  the  gearless  staff  type  is  secured 
by  the  spur  gear. 

(tension  in  rod)  =  -5;  X  ^  X  (pull  on  handle). 

Spur-geared  Staffless  (C,  Fig.  17).  The  force  applied  at  the 
handwheel  is  transmitted  through  a  spur  gear  to  the  winding  drum. 
The  ratchet  is  normally  held  at  release  by  gravity  and  is  set  by  a 
foot  lever.  Most  satisfactory  results  have  been  secured  with  gear 
ratios  of  14  134  and  12:36. 

a      T 
(tension  in  rod)  =  -r  X  ~  X  (pull  on  handle). 

0      t 

Worm-geared  Staff  (D,  Fig.  17).  A  worm  on  the  Kandwheel 
shaft  drives  a  gear  on  the  staff.  Ordinarily  a  compression  spring 
holds  the  worm  in  mesh  with  the  gear.  Kelease  is  obtained  by 
means  of  a  grip  eccentric  lev^  which  disengages  the  worm  from 
the  gear.    The  slack  chain  is  taken  up  by  a  torsion  spring. 

Hand  Brake  Maintenance  (see  also  Page  512).  Brake-staff  de- 
fects are  due  principally  to  the  staff  binding  andnot  releasing  freely, 
and  are  often  caused  by  the  drawbar  rest  being  displaced.  Brake- 
chain  troubles  are  largely  due  to  the  hand  brake  binding  and  jam- 
ming between  the  brake  staff  and  sill.  One  of  the  most  impor- 
tant points  in  the  transmission  of  braking  power  from  the  brake 
32 
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handle  to  the  wheels  is  the  winding  of  the  brake  chain  on  the  staff. 
A  close  Unk  chain  should  be  used  and  care  taken  to  have  sufficient 
lead  to  the  chain  to  allow  it  to  roll  on  the  staff  without  one  turn 
binding  or  running  upon  another.  There  should  also  be  sufficient 
release  spring  pressure  to  pull  sla^ck^chain  promptly  from  the  staff, 
so  that  the  c^ain  will  wind  on  the  staff  directly  below  the  eye  bdt. 
Great  care  should  also  be  taken  to  see  that  the  lead  of  the  chain  is 
such  as  to  prevent  its  winding  above  the  eye  bolt  and  jamming 
against  the  platform  and  rendering  the  brakes  inoperative.  An- 
other point  to  be  guarded  against  is  that  of  the  chain  at  the  rear 
end  of  the  car  catching  on  the  snow  scrapers  and  thus  preventing 
an  application  of  brakes.  Inspection  of  the  brake  chain  should 
guard  against  badly  worn  links,  or  eye  bolts,  or  the  possibility  of 
nuts  working  off  the  eye  bolts. 

Types  of  Air  Brakes.  Straight  air  brake  system,  recommended 
for  single-car  operation  only. 

Emergency  straight-air  system,  suitable  for  two  car  operation, 
particularly  when  one  is  operated  single  most  of  the  time  and  with 
a  trailer  added  during  rush  hours. 

Automatic  air  brake  system,  suitable  for  trains  of  three  or  more 


cars. 


Cage 


Trolley 


Pig.  1 8. — Straight  air  brake  system. 

Combined  straight  and  automatic  air  brake  system,  for  locomo- 
tive servipe  and  for  operation  of  single  cars  or  trains  of  several  cars. 

Electropneumatic  air  brake  system,  for  service  similar  to  that  of 
the  automatic  system. 

Straight  Air  Brake  System.  (Fig.  i8)  The  straight  air-brake 
system  consists  essentially  of  a  source  of  compressed  air  (either  a 
tank  filled  at  intervals  from  an  air  compressor,  motor  or  axle  driven, 
located  upon  the  car,  or  sometimes  from  a  compressor  at  charging 
stations) ;  a  reservoir  which  receives  the  air  from  the  compressor 
or  charging  tanks  and  in  which  the  pressure  is  maintained  prac- 
tically constant  by  means  of  a  reducing  valve,  or  by  a  governor 
which  automaticaUy  controls  the  operation  of  the  compressor;  a 
brake  cylinder,  the  piston  of  which  is  connected  to  a  system  of 
brake  levers  in  such  a  manner  that  when  the  piston  is  forced  out- 
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ward  by  air  pressure  the  brakes  are  applied;  an  operating  valve 
mounted  in  each  vestibule  by  means  of  which  the  compressed 
air  is  either  admitted  to  or  released  from  the  brake  cylinders;  a 

giffk  system  connecting  the  above  parts,  including  cut-out  vidves, 
ose,  and  angle  fittings  between  cars.  In  order  to  prevent  any  pos- 
sibility of  accumidating  an  excessive  pressure,  a  safety  valve  de- 
signed to  open  at  loo  lb.  per  square  inch  is  placed  in  the  air  sup^y 
system.  A  set  of  pressure  gages  is  usually  supplied  with  each  com- 
plete equipment  in  order  that  the  motorman  may  observe  the  pres- 
sure' in  the  reservoir  and  remedy  any  defects  in  the  governing 
apparatus. 

To  operate  the  motorman's  valve  the  handle  is  inserted  when  the 
valve  is  iti  lap  position  where  the  slot  in  the  body  of  the  valve  is 
enlarged  for  this  purpose  (and  to  prevent  its  removal  in  any  other 
position).  In  this  position  the  valve  is  set  so  that  air  can  neither 
pass  into  nor  out  of  the  brake  cylinder.  Moving  the  handle  to 
the  left  places  the  valve  in  full  release,  that  is,  connects  the  brake 
cylinder  to  the  atmosphere  and  allows  the  air  which  holds  the  brakes 
applied  to  escape,  when  the  spring  which  is  opposed  to  the  air  pressure 
restores  the  piston  and  releases  the  brakes.  To  partially  release 
the  brakes,  which  is  necessary  in  braking  in  order  to  prevent  shocks 
as  the  car  stops,  the  handle  is  moved  to  the  left  and  returned  to 
lap  position.  This  reduces  the  pressure  on  the  brake-shoes,  but 
does  not  entirely  release  them.  To  apply  the  brakes  for  a  service 
stop,  the  handle  is  moved  to  the  right  a  little  past  the  lap  position, 
then  back  to  lap.,  This  connects  the  reservoir  with  the  brake  cylin- 
der through  a  small  opening  in  the  valve,  then  holds  the  pressure 
constant  until  it  is  necessary  to  release  or  apply  more  pressure. 
Moving  the  handle  further  to  the  right  connects  the  reservoir  to 
the  brake  cylinder  through  a  large  opening,  thus  causing  the  cylin- 
der to  fill  rapidly  and  quickly  apply  the  brakes  with  nlaximum 
Eressure.  Sand  is  usually  applied  to  the  tracks  as  soon  as  the 
andle  is  turned  to  emergency  to  avoid  skidding  the  wheels. 
In  descending  grades  a  light  application  of  the  brakes  may  be 
made  and  the  handle  returned  to  lap.  A  sufficient  length  of  time 
should  be  allowed  for  car  to  feel  the  effect  of  the  brakes  before 
applying  more  pressure.  If  speed  is  higher  than  desired  a  second 
light  application  should  be  made  and  operation  repeated  as  often 
as  necessary  until  the  desired  speed  is  obtained,  or  untU  the  car  has 
left  the  grade. 

The  straight  air  system  of  air  brakes,  although  only  recommended 
for  single-car  operation,  may  be  used  when  operating  with  a  trailer. 
The  equipment  for  trail  cars  consists  of  a  brake  cylinder  and  system 
of  levers  similar  to  the  ones  on  the  motor  car,  a  length  of  pipe  run- 
ning the  entire  length  of  the  car  and  provided  with  hose  couplings 
and  cut-out  cocks  for  connections  to  the  forward  and  rear  cars.  In 
connecting  up  trail  cars,  all  the  hose  couplings  must  be  thoroughly 
united  to  insure  that  air  will  apply  throughout  the  entire  train.  All 
the  cut-out  cocks  must  be  opened  except  those  on  the  rear  of  the 
last  car,  and  the  front  of  the  first  car,  which  must  be  closed. 

So  far  as  single-car  operation  is  concerned,  the  straight  air  brake 
system  is  very  satisfactory,  as  the  desired  flexibility  in  the  matter  of 
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no  effect  upon  the  action  of  the  emergency  valve  which  still  can  be 
operated  as  ordinarily  by  throwing  the  motorman's  valve  to  the 
emergency  position.  As  this  system  has  the  straight  air  brake 
principle  most  prominent  it  is  subject  to  the  same  objections  which 
prevent  the  use  of  the  straight  air  brake  on  longer  trains,  namely, 
the  time  element.  For  this  reason,  the  automatic  air  brake  is  used 
generally  on  trains  of  three  or  more  cars. 
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Pig.  22. — Automatic  air  brake  system. 
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Automatic  Air  Brake  System.  (Fig.  22.)  The  automatic  air  brake 
differs  from  the  straight  air  brake  in  that  the  former  requires  a  de- 
crease in  the  train-pipe  pressure  to  apply  the  brakes,  and  an  increase 
in  pressure  to  release  them,  whereas  m  the  latter,  air  is  admitted  to 
the  train  pipe  to  apply  the  brakes  and  exhausted  to  release  them. 
The  apparatus  required  for  this  system  in  addition  to  that  already 
mentioned  for  the  straight  air  brakes  is  as  follows:  A  set  of  duplex 
pressure  gages  which  indicate  simidtaneously  the.  pressure  in  the 

main  reservoir  and  in  the  train  pipe;  an  auxiliary 
reservoir  for  storing  the  air  used  by  each  car  in 
braking;  a  triple  valve,  the  function  of  which  is  to 
admit  air  from  the  auxiliary  reservoir  into  the 
brake  cylinder  and  to  release  it  therefrom  (in  re- 
lease position,  the  auxiliary  reservoir  is  recharged), 
and  an  air-whistle  reservoir  with  suitable  check 
valve  for  supplying  air  to  the  air  whistle. 

This  S3rstem  is  capable  of  a  great  many  refine- 
ments which  may  be  added  or  omitted  as  require- 
ments of  a  particular  service  may  prescribe. 
The  main  points  of  difference  between  particular  automatic  air 
brake  equipments  will  generally  be  found  m  the  details  of  the  triple 
valves,  and  the  addition  of  pressure  maintaining  and  reduang 
valves,  which  are  essential  in  certain  classes  of  grade  work  in  order 
to  prevent  brakes  leaking  off.  These  particulars  have  been  inten- 
tionally omitted  from  this  consideration  to  avoid  undue  complexity. 
Two  forms  of  triple  valves,  however,  need  to  be  considered  here 
inasmuch  as  the  plain  triple  valve,  Fig.  23,isonlyusedoncompara- 


FiG.  23. — Plain 
triple  valve. 
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lively  short  trains,  about  five  care  in  length,  whereas  the   quick 
action  triple  valve,  Fig.  14,  is  designed  to  be  used  on  much  longer 

For  the  emergency  position  shown  in  dia^^m.  Fig.  14,  the  train 
line  is  optn  to  the  atmcMphere,  allowing  auxiliary  reservoir  [>[essure 
on  the  ngbt  oi  the  sUde-valve  piston  to  force  it  to  the  left  against  the 
graduating  spring,  compressing  it  and  uncovering  the  brake  cylinder 
port,  thus  permitting  air  to  flow  from  the  auxiliary  reservoir  directly 
into  the  brake  cylinder,  at  the  seme  time  the  ports  leading  to  the 
atmo^here  and  to  the  train  pipe  are  closed. 

To  release  the  brakes,  the  main  reservoir  air  is  admitted  through 
the  train  to  the  chamber  at  the  left  of  the  slide-valve  piston,  forcing 
it  to  the  right  and  connecting  the  brake  cylinder  port  to  the  exhatist 
port,  at  the  same  time  air  at  the  main  reservoir  pressure  raises  the 
check  valve  and  recharges  the  auxiliary  reservoir  to  main  reservoir 
pressure. 

A  graduated  release  of  the  brakes  may  be  obtaioed  with  this  type 
o(  v^ve  by  piping  the  exhaust  from  the  triple  valve  to  the  motor- 
mait's  valve  where  a  movement  of  the  valve  handle  will  release  the 
air  the  same  as  is  in  the  straight  air  brake.  ^ 

A  service  application  requires  only  a  slight  reduction  in  train-line 
pressure  (fnun  S  to  7  lb.)  which  is  suffident  to  permit  the  slide- 
valve  piston  to  slightly  ci»npres3  the  graduating  spring  and  par- 


Pic.  14.— Quick  ftCtion  triple  Pre.  15.— Ouiek  a, 

tially  open  the  brake  cylinder  oort.  When  thS  auxiliary  n 
pressure  has  been  reduced  to  about  the  same  as  the  train-line  pres- 
sure, the  graduating  ^>ring  will  return  the  slide  valve  to  lap  posi- 
tion, closing  ail  the  ports  before  the  brakes  are  fully  applied.  _  The 
auxiliary  reservoir  and  brake  cylinder  are  usually  so  proportioned 
that  the  brakes  are  fully  applied  when  the  brake  piston  displacement 
is  sufficient  to  reduce  the  auxiliary  reservoir  pressure  about  15  lb. 
Therefore,  a  train  pipe  reduction  greater  than  15  lb.  fully  applies 
the  brakes  and  is  wasteful  of  air  as  the  train  pipe  and  the  auxiliary 
reservoir  must  be  fully  charged  after  each  application. 

Quiek-aclion  Triple  Valve.  The  quick-action  triple  valve  shown 
in  Pig.  14  is  designed  to  be  used  on  freight  trails  of  considerable 
length,  its  function  is  to  appl^  and  release  the  brakes  on  the  rear 
cars  so  (quickly  that  the  running  in  and  out  of  the  slack  is  avoided. 
Fig.  2S  18  a  diagrammatical  section  of  the  triple  valve  shown  in 
Fig.  34.     In  the  full  release  position  shown,  air  is  allowed  to  pass 
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from  the  brake  cylinder  through  ports  in  the  slide  valve,  the  same 
as  in  the  plain  triple  valve.  The  auxiliary  reservoir  is  charged 
through  grooves  around  the  slide-valve  piston  and  through  the 
raised  check  valve  and  uncovered  port  in  the  slide  valve. 

In  release  position  the  decrease  in  train  line  pressure  allows  the 
valve  piston  to  move  to  the  left  closing  the  charging  grooves  and 
feed  port,  J,  and  exhaust  port,  P.  Just  previously  to  the  valve 
piston  striking  the  graduating  stem,  a  cavity  in  the  grading  valve 
on  top  of  the  slide  valve  connects  ports  which  allow  communication 
from  the  brake  cylinder  to  the  emergency  chamber  and  train  pipe. 
The  piston  in  the  emergency  chamber  is  only  loosely  fitted  so  that 
the  air  which  is  admitted  from  the  train  pipe  to  the  unseated  check 
valve  passes  into  the  brake  cylinder  before  communication  is 
established  between  the  auxiliary  reservoir  and  the  brake  C3r]inder. 
Owing  to  the  friction  in  the  train  pipe  a  reduction  of  air  pressure  at 
the  front  end  of  the  train  is  not  felt  at  the  rear  end  until  some  time 
later,  thus  the  venting  of  the  train  pipe  at  each  car  results  in  hasten- 
ing the  reduction  for  each  car  following;  at  the  same  time  requiring 
a  less  reduction  at  the  engineer's  valve  to  apply  the  brakes  with  a 
given  pressure  since  the  auxiliary  reservoir  is  not  required  to  supply 
all  the  air  to  the  brake  cylinder. 

When  the  brake-cylinder  pressure  is  reduced  below  that  in  the 
train  line,  the  slide-valve  piston  moves  to  the  right  with  the  graduat- 
ing valve  and  closes  all  ports  leading  to  the  brake  cylinder.  The 
tendency  for  the  brake-pipe  and  auxiliary-reservoir  pressures  to 
equalize  through  the  connections  to  the  brake  cylinder  is  prevented 
by  the  proportioning  of  the  respective  ports,  so  that  the  aunliary- 
reservoir  pressure  decreases  faster  than  the  brake-pipe  pressures 
and  insures  the  travel  of  the  piston  to  the  right. 

In  retarded  release  the  train  line  is  quickly  re-charged,  forcing 
the  valve  piston  to  the  extreme  right,  thus  preventing  the  re-charg- 
ing of  the  auxiliary  reservoir  through  the  charging  grooves  before 
opening  a  small  port  in  the  slide  valve,  thus  permitting  the  train- 
line  pressure  to  raise  the  check  valve  and  slowly  re-charge  the 
auxiliary  reservoir.  The  function  of  the  charging  device  (shown  on 
the  outside  of  the  valve  in  Fig.  24)  is  to  prevent  the  inertia  of  the 
slide  valve  forcing  it  to  the  extreme  right  of  its  travel  when  the 
valve  piston  is  brought  up  against  its  stop.  The  restricted  area 
at  the  left,  end  of  the  exhaust  cavity  of  the  slide  valve  partly  closes 
the  exhaust  port  and  allows  the  brake-cylinder  air  to  flow  slowly  into 
the  atmosphere.  On  acc6unt  of  the  friction  in  the  train  pipe,  it  is 
impossible  to  re-charge  the  train  line  at  the  rear  of  the  train  faster 
than  the  air  will  flow  through  the  charging  grooves  of  the  triple 
valves,  hence  only  the  triple  valves  of  the  foremost  cars  move  to 
retarded  release,  the  others  remaining  in  full  release,  thereby  releas- 
ing the  brakes  on  the  rear  cars  quickly. 

The  sudden  reduction  of  train-pipe  pressure  in  emergency  posi- 
tion of  the  engineer's  valve  moves  the  iide-valve  piston  to  the  left 
compressing  the  graduating  spring  and  opening  a  port  directly  to 
the  brake  cylinder  and  another  to  the  emergency  chamber  un- 
seating the  emergency  valve;  at  the  same  time  the  train-line  pressure 
opens  the  check  valve  and  air  flows  from  the  train-line  directly  into 
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the  brake  cylinder,  applying  the  brakes  with  maximum  pressure. 
The  quick  venting  of  the  train  line  insures  the  rapid  serial  action  of 
the  br^es  on  the  rear  cars.  The  braking  of  a  hose  opens  the 
train-line,  thus  reducing  the  train-line  pressure  and  causing  the 
brakes  to  be  applied. 

Combined  Straight  and  Automatic  Air  Brake  Equipment.  With 
the  combined  straight  and  automatic  air  brake  equipment,  when  the 
motorman's  valve  handle  is  placed  in  the  emergency  position,  air 
is  admitted  to  the  brake  cylinder  on  the  operating  car  by  both  the 
automatic  and  straight  air  features,  giving  a  maximum  brake  cylin- 
der pressure,  which  is  maintained  as  long  as  the  handle  remains  in 
this  position.  The  change  from  the  straight  air  application  of  the 
brake  to  an  automatic  application,  or  vice  versa,  may  be  made  by 
moving  the  valve  handle  to  the  different  positions  on  the  valve 
qyadrant.  An  automatic  application  of  the  brakes,  on  the  entire 
train  is  made  by  moving  the  valve  handle  to  the  automatic  service 
position,  which  reduces  the  pressure  in  the  brake  pipe  in  the  usual 
mamier.  A  straight  air  application  of  the  brake  is  made  by  moving 
the  valve  handle  to  thestraight  air  application  position.  This  con- 
nects the  control  pipe  with  the  straight  air  application  pipe  and 
admits  air  to  the  brake  cylinder  through  the  quick  service  valve 
from  both  the  straight  air  application  pipe  and  the  auxiliary  reser- 
voir. The  release  of  the  brake  is  made,  after  a  straight  air  or  an 
automatic  appUcation,  by  moving  the  valve  handle  to  the  release 
position.  In  this  position  the  control  pipe  is  connected  to  the  brake 
pipe,  and  the  straight  air  application  pipe  is  connected  to  the  atmos- 
phere. A  straight  air  appUcation  pipe,  which  connects  the  motor- 
man's  valves  with  the  quick  service  valve,  is  installed  on  motor  cars 
only.  For  automatic  operation,  two  pipe  lines,  namely  the  control 
pipe  and  brake  pipe,  are  provided  on  each  car.  These  are  connected 
together  between  cars  by  standard  hose  and  couplings,  making  them 
continuous  throughout  the  train.  The  control  pipe  admits  air  at 
a  pressure  predetermined  by  the  adjustment  of  the  feed  valve 
(usually  70  lb.)  to  the  reservoir  connection  of  the  motorman's  valve, 
and  also  to  the  triple  valves  on  all  the  cars  in«a  train.  This  ar- 
rangement confines  the  excess  pressure  of  85  or  95  lb.  to  the  main 
reservoir,  and  thus  prevents  overcharging  the  brake  pipe  and  auxil- 
iary reservoir.  This  arrangement  automatically  provides  for  an 
even  distribution  of  work  between  the  several  compressors  on  a 
train,  without  the  use  of  any  special  governing  apparatus. 

The  following  Ust  of  advantageous  features  of  this  system  were 
given  in  a  paper  by  Mr;  W.  V.  Turner,  Electric  Journal,  191 1 :  (i) 
Flexibility  and  promptness  of  a  straight  air  operation  providing  a 
brake  easy  to  manipulate,  quick  and  uniform  in  response,  thereby 
saving  much  time  in  making  stops;  (2)  all  the  features  of  straight 
air  and,  in  addition,  an  automatic  brake  for  safety;  (3)  both 
straight  air  and  automatic  operations  by  movement  of  one  brake 
valve  handle;  (4)  both  straight  air  and  automatic  operation  without 
interference  with  or  sacrificing  any  of  the  normal  functions  of  either; 
(s)  a  "straight-air-in-emergency"  feature  through  the  brake  valve 
to  brake  cylinder,  thus  insuring  a  maximum  and  maintained  brake 
pressure  at  the  time  most  needed,  regardless  of  the  condition  of  the 
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controller  points  or  switches,  controlling  the  circuits  to  magnets 
governing  the  service  application  and  release  and  emergency 
portion  of  the  brakes.  With  the  pneumatic  portion  of  the  brake 
in  ncHrmal  or  running  position,  the  electric  control  of  the  brakes 
is  accomplished  by  the  aid  of  two  magnets  with  poppet  valves 
attached,  governing  the  flow  of  air  into  and  out  of  the  brake  cylinder 
direct  or  through  the  release  port  of  the  triple  valve,  accord- 
ing to  the  conditions  of  installation.  The  release  magnet  may  be 
designed  so  that  the  release  port  is  open  only  when  the^nagnet  is 
energized,  or  so  that  current  is  requir^  in  order  to  dose  the  release 
magnet.  Which  method  is  to  be  preferred  can  only  be  determined 
by  a  study  of  the  operating  conditions.  In  either  case,  while 
running  over  the  road  the  exhaust  magnet  is  holding  the  release 
valve  open  so  that  the  brake  cylinder  is  in  direct  communication 
with  the  atmosphere.  In  making  a  service  application  of  the  brakes 
the  exhaust  valve  is  closed  and  the  application  magnet  is  energized 
to  open  the  application  valve.  The  flow  of  air  from  the  source  of 
supply  to  the  brake  cylinder  is  controlled  primarily  by  a  relay  valve, 
which,  in  turn,  is  caused  to  operate  by  the  action  of  the  application 
magnet  valve.  This  does  away  with  the  necessity  for  the  very 
powerful  magnet  which  would  be  required  to  operate  a  large  enough 
valve  to  supply  air  to  the  larger  sizes  of  brake  cylinders  at  a  suffi- 
ciently rapid  rate  to  give  satisfactory  service  operation.  The  relay 
valve  referred  to  is  acted  upon  by  a  spring  so  that  when  the  brake 
cylinder  pressure  has  been  built  up  to  within  20  lb.  of  that  in  the 
auxiliary  reservoir  it  automatically  closes.  This  valve,  therefore, 
limits  die  pressure  obtainable  in  electric  sendee  application  to 
approximately  20  lb.  below  the  normal  brake  pipe  pressure, 
thereby  incurring  the  valuable  feature  of  increased  braking  power 
in  emergency  applications  over  and  above  that  obtainable  in  full 
service  applications  and  this  without  the  aid  of  any  additional 
device,  such  as  a  safety  valve.  After  being  raised  to  any  amount  up 
to  the  maximum  contemplated  in  the  design,  the  brake  cylinder 
pressure  can  be  maintained  as  long  as  desired  by  moving  the  brake 
valve  handle  back  to  dectric  lap  position,  which  leaves  the  release 
magnet  imdistiirbed  but  de-energizes  the  application  magnet, 
allowing  it  to  close  and  prevent  further  flow  of  air  into  the  brake 
cylinder.  A  further  application  of  the  braise  or  a  release  can  then  be 
made  by  moving  the  brake  valve  handle  either  to  electric  applica- 
tion or  to  rdease  position,  which  either  causes  more  air  to  flow  to 
the  brake  cylinder,  as  described  above,  or  operates  the  release  mag- 
net valve  so  as  to  permit  the  air  in  the  brake  cylinder  to  escape  to 
the  atmosphere.  If,  when  making  a  release,  the  brake  valve  handle 
is  returned  from  release  to  electric  lap  position,  the  release  magnet 
will  again  be  actuated  so  as  to  dose  the  brake  cylinder  exhaust.  In 
this  way  the  brakes  can  be  gradually  rdeased  in  any  desired  number 
of  steps  or  graduations.  During  the  electric  operation  of  the  brake, 
the  feed  port  of  the  brake  valve  is  open  and  the  communication 
between  feed  valve  and  brake  valve  is  maintained.  Consequently, 
the  air  which  is  drawn  from  the  auxiliary  reservoir  for  use  in  the 
brake  cylinders  is  continuously  replaced  from  the  brake  pipe,  which 
is  in  turn  kept  fully  re-charged  through  the  feed  valve.    Should  the 
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motorman  continue  the  movement  of  the  brake  valve  handle 
beyond  electric  application  position,  the  brakes  will  continue  to 
apply  up  to  their  predetermined  maximum  pressure  imtil  the  handle 
is  moved  so  far  that  a  pneumatic  application  is  begun.  That  is  to 
say,  the  motorman  cannot  go  beyond  the  point  at  which  an  dectiic 
application  will  cease  to  be  made  until  after  he  has  come  into  a 
position  in  which  a  pneumatic  application  is  commenced.  There  is 
thus  no  possibility  of  a  motorman  faiKng  to  obtain  an  application  of 
the  brakes  or  losing  an  application  already  obtained  electrically  on 
account  of  moving  the  brake  valve  handle  too  far. 

Electric  Emergency  Applications,  The  quick  action  and  emer- 
gency electropneumatic  operation  is  accomplished  by  adding  an 
emergency  contact  finger  to  the  brake  valve,  an  emergency  wire 
running  throughout  the  train  and  an  emergency  magnet  with  its 
valve  controlling  a  port  leading  from  the  face  of  the  triple  valve 
piston  direct  to  the  atmosphere.  In  order  that  an  emergency  appli- 
cation originating  from  the  trip  or  conductor's  valve,  burst  hose, 
etc.,  may  be  propagated  electrically  as  well  as  when  an  emergency 
application  is  made  by  the  motorman  moving  the  brake  valve 
handle,  each  brake-pipe  vent  valve  is  provided  with  contacts 
whereby  the  operation  of  any  vent  valve  in  the  train  will  energize 
the  emergency  magnets  in  the  same  manner  as  when  the  brake 
valve  handle  is  moved  to  emergency  position. 

Mr.  M.  V.  Turner,  Electric  Journal,  191 1,  gave  the  following 
list  of  advantageous  features  which  the  electropneumatic  brake 
adds  to  the  highest  type  pneumatic  system  and  which  are  impos- 
sible of  attainment  otherwise:  Simultaneous  and  uniform  response 
of  all  the  brakes  in  the  train,  which  means  the  ability  to  obtain 
perfect  results  with  the  least  skill  and  experience,  regardless  of 
the  length  of  the  train;  double  profection  against  delays  to  traffic, 
due  to  brake  failure,  since  the  pneumatic  brake  is  alwa3rs  in  re- 
serve ready  for  use,  if  required;  maximmn  efficiency  and  safety 
due  to  .simultaneous  operation  of  all  the  brakes  in  the  train,  in  both 
service  and  emergency  application,  and  a  perfect  flexibility  of 
manipulation;  economy  in  air  consumption  and  maintenance  of 
brake  cylinder  pressure  at  will. 

Air  Brake  System  for  Low  Floor  Car.  Fig.  27  shows  the  general 
layout  of  the  Westinghouse  brake  equipment  which  has  been 
installed  on  the  New  York  low  floor  cars.  The  use  of  the 
emergency  feature,  combined  with  the  ordinary  straight  air  opera- 
tion for  service  applications,  permits  full  braking  power  to  be  ob- 
tained practically  instantaneously  in  three  different  ways,  namely: 
(i)  when  the  motorman  places  the  handle  of  the  brake  valve  in 
emergency  position,  (2)  through  the  accidental  release  of  the  button 
on  the  controller  handle  by  the  motorman,  and  (3)  if  the  coinductor 
operates  a  valve  located  overhead  within  convenient  reach.  The 
equipment  also  provides  for  two-car  train  operation,  and  in  the 
event  of  two  cars  separating  accidentally,  the  brakes  on  both  vehi- 
cles are  applied  instantaneously  without  the  necessity  of  any  ma- 
nipulation on  the  part  of  either  the  motorman  or  cdndu^ctor.  The 
compressor  which  supplies  air  for  the  car  is  located  in  one  comer  of 
the  cab  below  the  motorman*s  seat.    From  the  compressor  the  air 
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passes  to  the  main  reservoirs,  which  are  made  up  of  four  i6>ft. 
lengths  of  sH-in,  light- weight  steel  boiler  tubing  running  through 
the  openings  in  the  pressed-steel  roof  car  lines.  With  the  exception 
of  the  pipes  that  lead  down  to  the  brake  cylinders,  brake  valves, 
etc.,  all  of  the  piping  is  located  in  the  6-in.  space  between  the  ceiling 
and  the  roof,  hence  when  once  installed  properly  it  is  free  from  the 
accidental  derangement  that  frequently  occurs  when  cars  get  oS  the 
track.  The  operation  of  the  compressor  is  controlled  by  a  governor 
such  as  is  supplied  with  the  straight  air  brake  equipments.  The 
governor  is  set  to  cut  in  at  about  58  lb.  and  out  at  72  lb.  The  con- 
struction of  the  car  necessitated  the  use  of  a  brake  cylinder  at  each 
end  (see  p.  495),  and  in  order  to  provide  for  the  quickest  practicable 
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Fig.  27. — Air  brake  piping  for  low  floor  car. 

building  up  of  brake  cylinder  pressure  in  emergency  application  a 
separate  emergency  valve  is  used  for  eacn  of  the  two  brake  cylinders. 
Two  pipes  lead  from  these  emergency  valves,  which,  like  the  reser- 
voirs, are  located  in  the  space  between  the  ceiling  knd  the  roof,  to  the 
brake  valve  in  either  cat).  This  brake  valve  is  of  the  straight  air 
type,  with  an  emergency  position  for  the  handle,  and  by  its  mJEinipu- 
lation  the  emergency  valve  connected  with  it  can  be  operated  eitner 
in  single-  or  two-car  train  service.  In  each  cab  there  is  attached  to 
the  main  reservoir  pipe  'a  dead  nuin's  valve  that  is  controlled  by 
the  button  on  the  handle  of  the  master  controller.  If  the  button  is 
released  when  the  controller  is  in  one  of  the  running  positions,  the 
dead  man's  valve  opens,  reduces  the  pressure  in  the  train-line  pipe 
shown  in  the  accompanying  diagram  and  causes  the  emergency 
valves  to  let  full  air  pressure  into  the  brake  cylinders. 

Macnedc  Brake.  A  form  of  magnetic  brake  in -which  are  em- 
bodied both  a  track  and  wheel  brake  is  shown  by  Fig.  28.  A  track 
brake-shoe  is  placed  between  the  two  pairs  of  wheels  and  is  drawn 
to  the  rails  by  an  electroniagnet  which  is  suspended  from  the  car, 
thereby  not  merely  adding  its  friction  to  the  friction  of  the  wheel 
brake,  but  also  actually  increasing  the  raU  pressure  of  the  wheels  to 
the  extent  that  the  supporting  springs  for  the  track  shoes  and  mag- 
nets are  in  tension  through  the  descent  of  the  track  shoes  to  the 
rails.  The  electromagnet  a,  dividing  the  track  brake-shoe  b  into 
two  parts,  is  secured  by  pins  to  the  two  push  rods  Cy  and  suspended 
at  a  proper  distance  above  the  rails  by  the  adjustable  springs  h. 
The  push  rods  are  secured  by  pins. to  the  lower  ends  of  the  brake 
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levers  rf,  which  are  connected  st  thrir  upper  ends  by  the  adjustable 
rod  g  and  are  pivoted  at  an  intennediate  point  to  the  brake-sboe 
holders  e,  carrying  the  wheel  brake-shoes,  and  the  hanger-links  /, 
suspended  from  the  truck  frame.  The  push  rods  c  are  telescopic, 
so  that  a  movement  of  the  track  shoe  toward  the  right,  relative  to 
the  truck  frame,  causes  the  wheel  brake-shoe  at  the  right  to  be  ap- 
plied to  the  wheel  and  the  connection  g  to  be  moved  to  Uie  left, 
thereby  applying  the  wheel  brake-shoe  at  the  left,  the  stop  i  prevent- 
ing the  lower  end  of  the  brake  lever  at  the  left  from  foUowing  the 
track  brake-shoe.  A  relative  movement  of  the  track  brake-shot 
to  the  left  is  accompanied  by  applicat]<m  of  the  wheel  brake-shoes 
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through  corresponding  movement  of  the  parts  in  the  reverse  order. 
The  brake-controlhng  device  may  be  incorporated  in  the  running 
controller  or  may  be  a  separate  device,  placed  by  its  side  and  open- 
tivdy  interlocked  with  it,  so  that  neither  can  be  caused  to  inter- 
fete  with  the  operation  of  the  other.  In  the  operation  of  the  appa- 
ratus, the  current  is  supplied  by  the  motors  running  in  miiltiple  as 
generators — the  trolley  current  being  entirely  cut  off — and  is  divided 
between  the  electromagnets  and  the  diverter  combination  in  such 
ratio  as  to  cause  the  track  brake-shoes  to  be  drawn  upon  the  Tails 
with  a  force  proportionate  to  the  braking  requirements.  The  fric- 
tional  resistance  of  the  tails  to  the  motion  of  the  track  shoes  causes 
the  wheel  brakes  to  be  applied  with  corresponding  force.  Thus,  to 
the  ordinary  retardation  of  the  wheel  brakes  is  added  that  of  the 
track  brake  and  also  the  back  torque  of  the  motors,  which  latter, 
however,  is  practically  limited  to  compensation  for  the  rotative 
energy  of  the  motor  and  car  wheels.  The  force  of  application 
depends  primarily  upon  the  current  and  upon  the  electromagnets 
operating  the  brake-shoes.  The  attractive  force  of  tJie  rails  upon 
the  magnets  is  under  the  control  of  the  motoiman  up  to  a  limit  of 
about  150  lb.  per  square  inch  oC  brake-shoe  surface  is  contact 
with  tbe  rails.  The  strength  of  the  magnet  is  limited  by  the  sec- 
tional area  of  the  rail  acting  asarmature,  and  where  the  weight  of 
the  car  makes  a  magnet  of  greater  strength  desirable,  the  track  ^oe 
is  divided  into  three  parts,  instead  of  two,  and  wound  to  form  a 
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three^poie  magnet,  or  two  combined  two-pole  electromagnets  with 
one  common  pole.  The  friction  of  the  track  brake-shoe  may  also 
be  adjusted  to  some  extent  through  the  angular  inclination  of  the 
pu^  rods  Cy  by  which  some  of  the  weight  of  the  car  may  be  thrown 
upon  the  track  shoes,  the  levers  d  being  correspondingly  adjusted 
to  reduce  the  wheel  brake-shoe  pressure  in  proportion  as  the  weight 
is  transferred  to  the  track  shoe.  The  current  declines  with  the 
speed  during  a  stop,  thereby  offsetting  the  increased  coefficient  of 
friction  at  the  lower  speeds.  In  bad  weather,  when  the  conditi(m  of 
the  rails  is  likely  to  be  accompanied  by  wheel-sliding,  the  braking 
force  operating  the  wheel  brake  is  correspondingly  reduced,  so  that 
the  force  of  application  of  the  wheel  brake  is  automatically  propor- 
tioned to  the  rail  friction  which  rotates  the  wheels.  But,  in  addi- 
tion to  this  valuable  feature,  if  by  chance  the  wheels  should  slide 
upon  the  rails,  the  interruption  of  wheel  rotation  is  accompanied  by 
the  cessation  of  the  track-magnet  current,  through  which  the 
pressure  of  the  brake-shoes  upon  the  wheel  is  instantly  relaxed  and 
rotation  of  the  wheels  is  resumed,  without  injury  pr  serious  loss  of 
time.  ,  '       •    . 

Brakmg  by  RegeneratiQii.  The  process  of  saving  energy  of  a 
moving  train  that  would  otherwise  be  consiuned  in  heating  the 
brake-shpes  and  car  wheels  is  discussed  tmder  ''Regeneration'' 
(see  page  213).  In  furnishing  this  energy  of  regeneration  the  speed 
of  the  train  is  reduced  without  wear  and  tear  and  excessive  heating 
of  *braKe  rigging,  brake-shoes  and  car  wheels.  The  possibility  of 
accident  from  these  sources  is  thus  reduced,  and  on  long  mountain 
grades  the  safety  of  operation  due  to  the  braking  feature  of 
regeneration  may  be  of  more  importance  than  the  saving  of 
energy.  Xhe  application  of  air  brakes  during  the  process  of 
regeneration  may  reduce  or  destroy  the  regeneration  and  its  braking 
action  and  might  bring  an  excessive  load  on  the  brakes  by  causing  the 
motors  to  take  current  from  the  line. 

Braking  by  Reversing  Motors.  A  retarding  force  may  be  applied 
to  the  train  by  reversing  the- motors  and  applying  current  to  them 
through  a  portion  of  the  starting  resistance.  This  method  should 
be  used  only  in  an  emergency,  as  it  strains  the  car  equipment,  and 
if  the  direction  of  rotation  of  the  wheels  is  reversed  the  braking  ac- 
tion will  be  of  low  efficiency  because  of  the  low  value  of  coefficient 
of  friction  between  the  slipping  wheels  and  rails. 

Braking  by  Buddng  Motors.  If  two  series  motors  whose  arma- 
tures are  revolving  but  to  which  no  current  is  supplied  from  an 
external  source  have  their  connections  suddenly  reversed  and  then 
placed  in  parallel,  they  will  tend  to  operate  as  series  generators:  the 
one  of  higner  potential  will  continue  to  act  as  a  generator  and  drive 
current  through  the  other  which  will  consequently  act  as  a  motor. 
This  action  will  retard  the  motion  of  the  armatures.  The 
steps  necessary  to  make  use  of  this  action  in  retarding  the  motion 
of  a  car  are:  Open  circuit  breaker,  throw  reverse  lever  to  the  posi- 
tion corresponding  to  motion  opposite  to  that  of  the  car  and  move 
controller  handle  to  a  parallel  notch.  On  a  four-motor  car,  where 
pairs  of  motors  are  permanently  connected  in  parallel,  the  last  step 
noted  is  imnecessary.    It  should  be  noted  that  if  the  current  supply 
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to  a  car  ceases  as  the  car  is  ascending  a  grade  and  it  is  desired  to  use 
this  method  of  braking  to  keep  the  car  from  backing  down  the  grade, 
the  reverse  lever  should  be  left  in  the  position  corresponding  to  the 
forward  motion  of  the  car  up  the  grade.  This  method  of  braking 
should  be  used  only  in  emergency. 

Brake  Inspection  (A.E.R.E.A.  Approved  PractiGe).  Start  the 
air  pump  and  allow  it  to  pump  to  its  maximum  capacity;  see  that 
brake  valve  handle  is  in  release  position,  and  where  automatic  air 
is  used  see  that  gage'hands  show  a  difference  between  train  line  and 
auxiliary  of  20  lb.  If  they  do  not,  the  governors  need  to  be  reset 
Apply  brake  to  show  reduction  of  40  lb.;  place  brake  valve  handle 
to  lap  position;  see  that  air  gage  operates  properly  and  that 
no  leaks  are  in  or  around  the  btake  valves  or  pipes  leading 
thereto;  examine  all  pipes,  reservoirs,  triple  valves,  cylinders,  etc., 
while  brake  is  set,  and  see  that  none  are  leaking  and  that  brake  does 
not  release  while  the  brake  valve  handle  is  in  lap  position.  If  the 
cylinder  piston  has  a  travel  of  more  than  5  in.  an  adjustment  of 
brakes  is  necessary.  Inspect  all  shoes  and  see  that  they  are  in  aline- 
ment  with  the  wheel  and  that  none  are  broken,  and  renew  those  that 
will  not  give  sufficient  wear  until  the  next  inspection.  In  renewing 
brake-shoes  put  shoes  of  the  same  thickness  on  opposite  wheels,  be 
they  either  old  or  new.  See  that  all  brake-shoe  keys  are  in  place 
and  that  none  are  lost  or  broken;  examine  shoe  heads  and  see  that 
none  are  lost  or  broken,  and  that  all  pins,  bolts,  etc.,  that  hold  heads 
to  the  beam  or  truck  levers  are  not  unduly  worn;  that  all  bolts, 
cotter  pins,  nuts,  etc.,  are  in  good  condition.  Examine  brake 
beams  and  see  that  none  are  cracked,  broken  or  bent,  and  that  all 
bolts,  pins  and  holes  are  not  unduly  worn,  and  that  all  cotter  pins 
and  nuts  are  in  place.  Examine  all  hangers  and  pins,  connecting 
brake-shoe  head  and  beam  .to  truck  and  see  that  all  are  in  good 
condition,  and  that  none  of  the  pins  and  hangers  are  unduly  worn  so 
as  to  cause  brakes  to  grab  or  chatter;  special  attention  must  be 
paid  to  all  cotter  piiis  in  ati  parts  of  the  brake  rigging.  Examine  all 
turn-buckles  and  see  that  none  of  the  threads  are  stripped  and  that 
all  adjusting  and  jam  nuts  are  tight  and  in  their  proper  places. 
Adjust  brakes  so  that  cylinder  piston  will  not  travel  more  than  4 
or  5  in.  When  brake  is  in  release,  see  that  none  of  the  shoes  bind 
the  wheels,  that  release  springs  operate  properly  so  that  brakes  will 
be  free  when  released.  Examine  all  pull  rods  for  cracks  or  flaws,  all 
pins  in  pull  rods,  levers  and  sUdes;  set  hand  brake  and  see  that  it  is 
in  good  condition;  see  that  brake  staff  and  chain  are  not  unduly 
worn;  that  rod,  pins,  etc.,  are  in  good  condition.  ,Where  slack 
adjuster  is  used,  see  that  it  is  placed  to  its  minimum  of  travel 
before  any  adjustment  of  brakes;  see  that  it  is  operating  prop- 
erly and  that  it  has  not  traveled  to  a  maximum  position,  leaving 
the  correct  piston  travel.     Drain  all  reservoirs  daily. 

Maintenance  of  Motorman's  Valve.  The  seats  of  the  rotary  or 
motorman's  brake  valve  are  subject  to  the  collection  of  dirt  largely 
because  of  the  passage  across  them  of  air  which  is  more  or  less  laden 
with  dust.  When  this  collection  causes  the  valve  to  work  hard  or 
the  valve  seat  becomes  badly  scored,  the  attempt  to  grind  the  sur- 
faces with  emery  should  not  be  made*     Grinding  with  emery 
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generally  causes  leaks  between  the  ports  and  an  attempt  to  grind  out 
cuts  or  scores  will  usually  make  the  valve  worse.  When  the  condi- 
tion of  the  valve  becomes  so  bad  that  the  valve  cannot  be  kept  in 
service  it  should  be  machined  and  scraped  by  hand  to  a  perfectly 
flat  surface,  using  a  face  plate  to  locate  the  high  spots. 

Inspection  of  Air  Compressors.  The  frequency  of  inspection 
necessary  for  an  air  compressor  depends  upon  the  service  required 
of  the  compressor.  The  duties  of  air  compressors  on  city  and 
interurban  cars  vary  greatly.  For  instance,  a  car  may  be  equipped 
with  air  doors,  electropneumatic  control  and  air  brakes.  The 
average  number  of  stops  of  *a  car  of  this  character  in  city  service 
may  be  every  1500  ft.  A  compressor  under  these  conditions 
would  necessarily  have  to  be  overhauled  much  more  than  one  which 
makes  stops  2  or  3  miles  apart,  has  no  air  doors  or  electro- 
pneumatic  control.  The  A.E.R.E.A.  1908  Committee  on  Main- 
tenance and  Inspection  recommended  that  the  inspection  period 
for  compressors  m  the  former  class  of  service  be  600  miles  and 
that  for  the  latter  class  be  1200  miles.  In  the  above  report  it  was 
recommended  that  air  compressors  be  inspected  as  follows:  Oil 
Dlug  should  be  removed  and  oil  added  to  replace  what  has  been  lost 
in  service  each  inspection  day.  Carbon  brushes  removed  and 
inspected  each  inspection  day.  Brush-hcdder  tension  inspected 
each  inspection  day.  Brush  holder  wiped  off  each  inspection  day. 
End  of  commutator  wiped  off  each  inspection  day.  Hair  should  be 
taken  out  of  hair  strainer  and  strainer  washed  in  gasoline  every  thir- 
tieth inspection  day.  Valves  should  be  taken  out  and  cleaned  in 
gasoline  each  thirtieth  inspection  day.  Exterior  of  pump  should  be 
wiped  off  each  inspection  day.  Compressors  should  be  thoroughly 
blown  out  with  compressed  air  each  tenth  inspection  day. 

Air  Compressor  Tests.  The  following  tests  of  the  air  compressor 
after  inspection  were  recommended  in  the  same  report :  With  all  air 
reservoirs  empty  and  brake  valve  on  rdease  position,  start  air 
compressor  and  note  length  of  time  taken  in  pumping  up,  and  pres- 
sure at  cutting-out  point.  A  test  for  leakage  should  then  be  made, 
leaving  apparatus  in  same  condition  as  above,  and  noting  number 
of  poimds  drop  in  i  minute. 

Lubrication  of  Air  C<»npressor.  ( A.E.R.E.  A.  Approved  Practice.) 
Air  compressors  should  be  lubricated  weekly.  Before  removing 
plugs,  wipe  all  dirt  and  surplus  oil  from  around  the  openings,  then 
remove  plugs  and  do  not  ffll  to  an  extent  to  overflow,  thereby  allow- 
ing the  oil  to  collect  with  the  dust  and  dirt  around  the  pump  frame 
and  case.  See  that  the  plug  threads  are  in  good  condition  and  oil- 
tight  when  closed. 

OverliAtiling  Air  Compressor.  The  A.E.R.E.A.  1908  Com- 
mittee on  Maintehance  and  Inspection  expressed  the  belief  that 
with  a  compressor  designed  fpr  sufficient  capacity  for  the  service  it 
is  to  perform  an  overhauling  for  the  former  class  of  service  outlined 
above  (Inspection  of  Air  Compressors)  should  be  made  every 
60,000  miles,  and  for  the  latter*  class  of  service  every  120,000  miles. 
The  overhauling  suggested  is  as  foUows  (A.E.R.E.A.  Miscella- 
neous Approved  Methods  and  Practices):  Compressor  should  be 
taken  from  under  the  car  and  placed  on  a  benoh,  where  armature 
83 
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should  be  removed,  oil  drained  from  crank  case  and  all  bearings 
outside  of  crank  case,  and  bearings  thoroughly  washed  out  with 
gasoline.     Crank  shaft  and  connecting  rods  should  have   slack 
taken  up  on  them  or  bearings  re-babbitted  or  relined  with  bronze 
bearings,  as  the  case  may  be,  if  wear  is  excessive.    Head  should  be 
taken  from  the  compressor,  ports  scraped  out,  hair  removed  from 
hair  strainer  and  washed  in  gasoline,  and  valve  and  valve  seat 
should  be  re-ground.    Armature  should  be  blown  out,  cleaned  up 
and  breakdown  test  applied.    Also  commutator  trued  up.     Mica 
retaining  rings  should  be  painted  with  insulating  paint.    Armature 
painted  with  a  coat  of  oil-proof  insulating  paint.    Brush  holders 
should  be  cleaned  in  gasoline  and  overhauled,  replacing  worn  tips 
and  shunts  that  have  broken  strands.    Field  coils  shoidd  be  taken 
out  and  insulation  carefully  looked  over,  and  replaced  if  necessary. 
Inside  of  the  motor  ^ell  should  be  carefully  cleaned  with  gasoline 
to  get  oil  and  dirt  out  of  shell.    The  impregnation  of  pump  field 
coils  is  recommended  as  tending  to  eliminate  field  troubles  and 
greatly  prolong  the  life  of  the  fields.    The  piston  should  be  removed 
from  pump,  and  rings  removed  from  groove  and  carefully  cleaned; 
also,  groove  should  be  carefully  scraped  out.    Springs  from  piston 
rings  should  be  tested  to  make  sure  that  they  have  not  lost  their 
tension.    If,  when  pump  is  re-assembled  and  started  to  work  imder 
pressure  for  5  minutes,  it  be  then  disconnected  and  allowed  to 
run  free  and  oil  is  discharged  from  the  outlet,  it  is  an  indication 
that  the  rings  are  not  tight  enough  in  the  cylinder,  and  springs  of 
greater  tension  should  be  put  in  the  rings.    The  insulators  placed 
between  compressors  and  air  piping  on  car  should  be  taken  from  the 
car  and  cleaned  and  given  a  breakdown  test  of  zooo  volts.    The  oil 
which  was  removed  from  the  compressor  when  it  was  removed  for 
inspection  should  be  run  through  a  filter  and  returned  to  compressor, 
enough  oil  being  added  to  take  the  olace  of  the  dirt,  etc.,  which  it 
contained  when  removed.    In  this  connection  care  should  be  taken 
to  |use  an  oil  which  does  not  contain  asphalt  or  which  carbonizes 
when  the  pump  is  given  hard  usage. 

Storage  Air  Brake  .System.  In  the  storage  air  brake  S3rstem  the 
service  reservoir  is  supplied  with  air  from  storage  reservoirs  (gen- 
erally two)  carried  on  the  can  These  storage  reservoirs  are  charged 
with  air  at  high  pressure  from  compressor  stations  along  the  line. 
The  air  is  passed  through  a  pressure-reducing  valve  between  the  car 
storage  reservoir  and  the  service  reservoir,  and  thus  its  pressure 
is  reduced  to  a  valve  proper  for  service  in  the  braking  system. 

Whether  or  not  the  storage  system  should  be  used  rather  than 
the  individual  car  compressor  for  a  given  service  must  be  decided 
from  local  conditioiks.  The  storage  system  may  in  some  cases  be 
cheaper  than  the  individual  car  compressor  system,  but  the  many 
advantages  in  having  the  car  self  contained,  as  by  the.  use  of  the  in- 
dividual car  compressor,  make  the  use  of  the  latter  system  most 
general.  Moreover,  air-operated  auxiliaries  demand  air  in  addition 
to  that  for  the  brakes  and  such  demands  will,  in  most  cases,  make 
the  employment  of  the  storage  system  impracticable. 

Size  of  Air  Compressor  Required  for  a  Given  Service  (A.E.R. 
B*A«  Approved  Practice).    An  air  compressor  should  be  of  a  size 
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such  that  it  will  not  be  required  to  operate  more  than  one-third  the 
time.  In  connection  with  the  above,  due  consideration  should  be 
given  the  air  requirements  of  air-operated  doors,  sanders  and  other 
auxiliary  equipment. 

Air  Compressor  for  Operation  on  GOO  and  1200  Volts.  If  the 
compressor  motor  is  wound  and  insulated  for  operation  on  1200 
volts,  it  will  operate  more  slowly  on  600  volts,  and  to  furnish  the 
same  quantity  of  air  it  will  therefore  be  required  to  run  longer  on 
600  volts  than  on  1200  volts.  For  this  reason  a  compressor 
selected  for  a  given  service  on  the  two  voltages  should  be  of  such  a 
size  that  it  wiU  not  be  overworked  on  600  volts. 

Dynamotor-compressor  for  000-1200  or  760-1600-volt  Opera- 
tion. (See  Fig.  29, stlso  p:  573 .)  In  the  dynamotor-compressor,  the 
compressor  is  driven  by  the  dynamotor  through  a  pneumatically 

Trolley  Wli© 
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Air  Supply^ 

Pig.  29. — Connections  for  dynamotor  and  change-over  switch. 

operated  multiple-disk  clutch  controlled  by  the  pump  governor.  This 
arrangement  obviates  the  necessity  of  a  separate  motor  to  drive  the 
compressor.  Wh^n  the  air-pressure  governor,  set  for  some  predeter- 
mined pressure,  acts,  it  opens  a  valve  admitting  air  to  cylinder 
adjacent  to  the  clutch.  A  piston  in  this  cylinder  operates  against  a 
heavy  spring  in  such  a  way  as  to  disengage  the  clutch.  When  the 
tank  pressure  reaches  a  minimum  value,  the  air  in  the  cylinder  is 
autoniatically  released  by  the  governor,  the  spring  closes  the  clutch 
and  the  compressor  starts.  The  dynamotor  armature  has  two 
separate  windings  on  the  same  core,  each  connected  to  a  commuta- 
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tor.  Each  armature  winding  is  in  series  with  half  the  series  field 
and  these  armatures  and  fields  are  in  series  with  each  other  on  1200 
or  1500  volts,  thus  giving  a  half  voltage  tap  at  a  point  between 
the  two  field  windings.  A  shimt  field  winding  is  connected  across 
the  low  voltage  armature  to  maintain  the  speed  approximately 
constant.  The  speed  on  600  or  750  volts  is  approximately  the  same 
as  on  1200  or  1500  volts,  respectively,  thereby  maintaining  the  air 
compressor  capacity  on  the  lower  voltage.  A  change-over  switch 
for  changing  the  dynamotor  connections  from  those  for  1500  to  those 
for  750  volts  (or  from  1200  to  600  volts)  trolley  or  third  rail  potential 
simultaneously  changes  the  lighting  and  control  circuit  connections 
from  the  dynamotor  terminds  to  the  trolley  or  third  rail.  This 
change-over  switch  is  pneumatically  operated  and  is  controlled  by 
a  canopy  switch  located  in  the  cab.  It  consists  of  a  single  magnet 
valve  and  a  pneumatic  cylinder  similar  to  those  used  on  Westing- 
house  switch  groups.  It  carries  a  double  pair  of  contacts  which 
estabUsh  the  proper  dynamotor  and  auxiUary  circuit  connections. 
Normally,  this  switch  is  held  in  the  high  voltage  position  by  a 
powerful  spring.  But,  when  desired,  it  can  be  held  in  a  low  voltage 
position  by  the  admission  of  air  to  the  pneumatic  cylinder.  In 
case  of  a  failure  of  either  air  or  electric  power  the  switch  automatic- 
ally returns  to  the  high  voltage  position  which  is  safe  at  either 
voltage. 

Air  Used  and  Electrical  Energy  Required  to  Drive  Compressor. 
The  data  in  the  following  table  w^re  taken  from  the  Rep>ort  of  the 
Electric  Railway  Test  Commission,  1906,  and  were  based  on  tests 
made  by  the  Commission  on  cars  in  operation  in  St  Louis. 
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system. 

dry  track 

wet  track 

Average  number  of  stops  per  mile — 

59 

4.1 

4.5 

Schedule  speed  of  car,  miles  per  hour 

9.12 

95 

9.3 

Maximum   speed   of   car    (approxi- 

17.S 

16.0 

16.0 

mate),  miles  per  hour. 

• 

Average   volume   of   free   air   used, 

1-43 

1.6S 

1. 51 

cubic  feet  per  car  per  stop. 

Average   volume   of   free   air   used. 

0.064 

0.076 

0.067 

cubic  feet  per  ton  per  stop. 

• 

Electrical  energy  for  compressing  air, 

8.25 

6.74 

5.86 

watt-hour  per  car  per  stop. 

Electrical  energy  for  compressing  air, 

0.367 

0.306 

0.261 

watt-hour  per  ton  per  stop. 

General  Characteristics  of  a  Good  Air  Compressor.  An  air 
compressor  should  be  reUable,  of  light  weight  and  compact  con- 
strucrion,  should  be  protected  from  dirt  and  water,  should  be  so 
constructed  as  to  be  easily  inspected,  lubricated,  overhauled  and 
repaired,  should  run  with  the  least  possible  amount  of  noise  and 
vibration,  should  have  high  efficiency  of  operation  and  should  have 
a  low  cost  of  maintenance. 

General  T^pes  of  Air  Compressors.  The  independent  motor- 
driven  air  compressor  most  commonly  used  for  electric  xaUway  ser- 
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vice  may  be  considered  to  be  oi  two  general  parts,  namely,  the  motor 
and  the  compressor.  If  the  motor  and  compressor  are  geared 
together,  the  machine  is  known  as  the  geared  type  compressor.  If 
the  motor  shaft  is  direct  connected  to  the  compressor  connecting 
rod,  the  machine  is  known  as  the  gearless  type  compressor.  Be- 
cause of  the  absence  of  reduction  gearing  a  gearless  type  air  com- 
pressor differs  mainly  from  the  gear  type  of  the  same  capacity  in 
that  the  piston  speed  (revolutions  per«  unit  time)  of  the  former  is 
greater  fiian  that  of  the  latter,  consequently  the  piston  displace- 
ment of  the  former  is  the  less.  Compared  with  a  gear  type  air 
compressor  of  the  same  capacity^  a  gearless  type  compressor  weighs 
about  one-half,  occupies  about  one-half  the  space  and  has  a  very 
low  overall  height.  The  stresses  in  the  gearless  type  are  much 
lower,  the  mazimimi  transverse  thrust  on  the  crank  being  only 
about  one-fifth  as  much  as  that  in  the  geared  type. 

Xmprovements  to  PRdong  the  Life  of  Air  Appaiatus.  The  fol* 
lowing  important  pcnnts  are  from  an  address  by  Mr.  W.  G.  Kaylor, 
Keystone  Railway  Club:  In  the  latest  form  of  air  strainer  oH  is  used 
to  absorb  the  dirt  taken  in  with  the  air.  The  air  on  its  way  to  the 
pump  does  not  pass  through  the  oil,  but  is  broken  up  by  perfora^ 
tions  or  baffle  plates  which  direct  the  incoming  air  toward  the  oil. 
The  dirt  is  then  entrained  by  the  adhesiveness  of  the  oil  and  settles 
to  the  bottom  of  the  strainer,  while  the  dean  air  passes  on  to  the 
pump.  Compared  with  the  curled-hair  strainer,  its  efficiency  is  as 
98  per  cent,  to  50  per  cent.,  and*  for  this  reason  it  can  be  attached 
directly  to  the  head  of  the  compressor,  so  obviating  the  necessity  of 
piping  the  suction  to  the  roof.  The  crank-case  vent,  through  which 
dirt  is  also  liable  to  enter,  is  now  either  fitted  with  a  separate  strainer 
or  is  connected  to  the  suction  by  a  pipe  or  cored  passage.  The 
proper  protection  of  the  intake  and  crank-case  vent  would  make  it 
possible  to  operate  a  compressor  in  normal  service  for  10  years  or 
more  before  bushing  the  cyhnders  or  renewing  the  bearings.  Dete- 
rioration due  to  corrosion,  oxidation,  etc.,  coidd  be  postponed  indefi- 
nitdly  by  enameling  the  reservoir  both  inside  and  out.  To  guard 
against  explosions  from  excessive  pressure,  all  reservoirs  should  be 
protected  by  a  safety  valve  set  at  10  lb.  above  the  maximum  work- 
ing pressure.  The  safety  valve,  in  turn,  should  be  injected  regu- 
larly to  prevent  it  from  freezing  shut  on  account  of  corrosion. 
When  ordering  motorman's  brake  valves  the  purchaser  should 
specify  types  which  are  provided  with  renewable  bushings.  As  to 
brake  cylinders,  the  best  grade  leather  should  be  used  for  packing, 
the  expander  ring  should  have  a  flat  surface  which  distributes  its 
pressui^  over  a  greater  area  than  the  ordinary  roimd  expander  ring, 
and  the  lubricant  should  be  a  compound  which  will  fill  the  pores  of 
the  leather  to  make  it  absolutely  air-tight. 

Brake-shoe  Wear.  I  Concerning  brake-shoe  wear,  the  1910  Com- 
mittee on  Brake-shoe  Tests,  M.C.B.A.,  recommended  that  on  the 
cast-iron  wheel  the  shoe  wear  be  determined  by  making  100  ap- 
plications of  the  shoe  to  the  wheel,  under  a  pressure  of  2808  lb., 
and  at  a  constant  wheel  speed  of  20  miles  per  hour,  at  each  appUca- 
tion  the  shoe  to  be  in  contact  with  the  wheel  during  190  revolutions 
and  out  of  contact  during  the  succeeding  610  revolutions.    That, 
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under  these  conditions,  the  shoe  shall  lose  in  weight  not  more  than 
0.8  lb.  for  each  loo^ooojooo  ft.-lb.  of  work  done.  That,  on 
the  steel-tired  wheel,  the  shoe  wear  be  determined  by  making  lo 
stops  from  an  initial  speed  of  65  miles  per  hour  and  under  a  shoe  pres- 
sure of  12,000  lb.  That,  imder  these  conditions,  the  shoe  shall  lose 
in  weight  not  more  than  4  lb.  for  each  100,000,000  ft.-lb.  of  work 
done. 

That  committee  recommended  the  adoption  of  the  following  sug- 
gestions in  place  of  the  then  existing  specifications  for  brake-shoes: 

a.  Shoes  shall  be  tested  for  coefficient  of  friction  and  for  wear 
upon  the  Master  Car  Builders'  Association  testing  machine,  or  upon 
a  machine  with  eqiiivalent  charact^stics. 

b.  Shoes  shall  develop  upon  the  cast-iron  wheel,  in  effecting 
stops  from  an  initial  spe^  of  40  m.p.h.,  a  mean  coefficient  of  friction 
of  not  less  than  22  per  cent,  when  the  brake-shoe  pressiure  is  2808 
lb.,  16  per  cent,  when  the  brake-shoe  pressure  is  6840  lb. 

c.  Shoes  shall  develop  upon  the  steel-tired  wheel,  in  effecting 
stops  from  an  initial  speed  of  65  m.p.h.,  a  mean  coefficient  of  friction 
of  not  less  than  12^  per  cent,  when  the  brake-shoe  pressm^is 
6840  lb.,  II  per  cent,  when  the  brake-shoe  pressure  is  12,000  lb. 

d.  No  limitation  is  placed  upon  the  rise  in  coefficient  of  friction 
at  the  end  of  the  stop. 

General  P^ormance  of  Brake-shoes.  The  following  deductions 
are  based  on  laboratory  tests  made  in  connection  with  the  Pennsyl- 
vania-Westinghouse  tests,  1913: 

(a)  The  generation  of  the  retarding  forces  and  consequent 
absorption  of  the  energy  of  the  moving  train- is  dependent  upon 
but  a  very  small  quantity  of  brake-shoe  metal,  ifl)  The  actual 
bearing  area  rather  than  the  total  face  area  of  the  shoe  is  the 
important  factor  in  brake-shoe  performance,  (c)  The  magnitude 
of  the  bearing  area  changes  throughout  the  stop  and  is  greatest 
near  the  end  of  the  stop,  (d)  The  bearing  area  shifts  continuously 
from  one  portion  of  the  suriace  to  another  during  the  stop,  (e)  The 
principal  factor  in  producing  high  friction  for  any  given  braking 
condition  is  the  frequent  shifting  of  the  bearing  area  from  the  heated 
to  the  cooler  spots  over  the  face  of  the  shoe.  (/)  Slotted  shoes  or 
shoes  that  are  cracked  are  more  flexible  than  solid  shoes  and  the 
bearing  area  shifts  more  readily  than  in  the  case  of  solid  shoes,  (g) 
With  shoes  of  the  same  type  and  approximately  the  same  hardness, 
the  wear  per  unit  of  work  done  is  less  with  the  slotted  shoe  than  with 
the  solid  shoe.  The  stops  with  slotted  shoes  were  always  Sorter 
and  the  mean  coefficient  of  friction  higher  than  with  s^d  shoes. 
{h)  The  shifting  of  the  bearing  area  will  tend  to  be  more  rapid  if  the 
size  provides  more  available  area  for  shoe  bearing,  (t)  The  greater 
the  pressure  per  square  inch  of  bearing  area,  the  lower  will  be  the 
mean  coefficient  of  friction,  {j )  Flanged  shoes  provide  more 
available  area  for  bearing  than  unflanged  shoes. 

"Squealing"  During  Braloog.  Opinions  based  upon  tests  and 
given  in  testimonies  at  hearings  on  street  car  noises  agree  that 
'* squealing"  during  braking  is  due  to  rubbing  of  wheel  flange 
against  rail  head  as  the  freedom  of  the  wheel  to  seek  the  path  of  least 
resistance  is  restricted  by  the  brake-shoe  pressure.    The  greatest 
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amount  of  noise  is  given  off  by  steel  wheels.  Reduction  of  the 
noise  has  been  sought  in  lubricating  the  flange  by  the  use  of  a  brake- 
shoe  of  special  composition  or  having  inserts  of  a  lubricating  material. 
Among  these  materials  are  lead  and  a  composition  of  graphite  and 
asphalt.  The  ideal  lubricant  is  the  one  which  may  be  used  at  the 
least  cost  and  which  will  not  reduce  the  friction  between  brake- 
shoe  and  wheel.  On  Dec.  19, 1913,  an  order  that  cars  be  equipped 
with  brake-shoes  containing  a  lubricant  or  with  some  other  effective 
device  for  the  mitigation  of  "squealing"  was  issued  by  the  Public 
Service  Commission  for  the  First  District  of  New  York. 

Wear,  Relative  Efficiency  and  Cost  of  Various  Types  of  Brake- 
shoes.  The  following  conclusions  were  drawn  from  the  results  of 
stand  tests  and  a  test  by  a  year's  service  with  800  brake-shoes  on  the 
Brooklyn  Rapid  Transit  System  by  Mr.  George  L.  Fowler.  Four 
general  types  of  shoes  were  used  in  these  tests;  they  are  designated 
as  "A,"  "B,"  "C,"  and  "D,"  respectively.  "A"  was  a  plain, 
hard  cast-iron  shoe  containing  1.67  per  cent,  combined  carbon 
and  1.56  per  cent,  graphitic  carbon.  The  microscopic  structure  of 
the  "A"  shoe  seemed  to  be  between  malleable  iron  and  gray 
cast  iron  in  that  the  graphite  appeared  both  as  nodules  and  very 
small  flakes.  "  B  "  was  of  cast  iron,  with  ends  chilled,  containing  i*  20 
per  cent,  combined  carbon  and  1.85  per  cent,  graphitic  carbon. 
The  microscopic  structure  of  the  "B"  shoe  woidd  probably  be 
classified  as  mottled  iron.  It  differed,  however,  from  the  typical 
mottled  iron  in  the  more  even  balance  of  the  pearlite  and  graphitic 
carbon  by  which  the  structure  more  nearly  resembled  that  of  hard 
iron.  "  C  "  was  of  cast  iron  with  an  expanded  metal  filling.  "  D  ** 
was  of  cast  iron  with  chilled  iron  inserts  in  the  part  bearing  on  the 
tread.  The  coefficient  of  friction  and  wear  for  each  of  the  general 
tjrpes  of  shoes  given  in  the  following  table  were  secured  from  tests 
in  a  brake-shoe  testing  machine  by  applying  the  brake-shoe  under  a 
pressure  of  6840  lb.  and  a  speed  of  20  miles  per  hour: 

Coefficient  of  Friction  and  Wear 

T„««  ^(  oU««  Coefficient  of  Inches,  wear  per 

lype  or  snoe  friction,  per  cent.      100,000,000  ft-lb. 

A  39.8  1.79 

B  31.2  0.61 

C  41.9  1.83 

D  .                             29.1  0.47    .• 

Conclusions:  (a)  In  order  to  avoid  excessive  costs  for  the  appli- 
cation of  brs^e-shoes  the  weight  should  be  limited  so  that  no  indi- 
vidual shoe  should  weigh  more  than  24  lb.  To  avoid  an  excessive 
loss  of  weight  in  the  percentage  of  scrap  the  minimum  weight  of 
individual  brake-shoes  should  be  20  lb.  (b)  There  appears  to  be  a 
dose  relationship  between  the  microscopical  structure  of  cast  iron 
and  its  wearing  qualities.  Hence  the  foundry  practice  should  be 
such  as  to  secure  a  structure  that  is  closely  granular,  of  uniform 
texture  and  with  the  combined  and  graphitic  carbon  pretty  evenly 
balanced.  The  graphitic  carbon  should  be  in  the  form  of  nodules 
rather  than  flakes,  (c)  There  is  a  general  relationship  between 
the  coefficient  of  friction  as  determined  on  the  testing  machine  and 
the  stopping  qualities  of  a  brake-shoe  in  service,    (d)  As  far  as  the 
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safety  of  a  car  is  concerned,  owing  to  the  ability  to  stop  from  speeds 
common  in  surface-car  service,  there  is  no  appreciabie  difference 
between  any  of  the  shoes  tested.    Tne  extreme  variation  at  15 
miles  per  hour,  averages  but  5  ft.,  or  about  7.7  per  cent.     At  20  miles 
per  hour  it  is  but  17J4  ft.,  or  16.26  per  cent.    At  lower  speeds  the 
difference  is  correspondingly  less,     (e)  Brake-shoe  wear   averages 
from  3.7s    to  6.5  lb.  per  1000  wheel  miles.    The  scrap  weights 
of  brake-shoes  on  the  surface  lines  should  not  be  allowed  to  ^p 
below  6h  lb.  per  shoe.    When  the  scrap  weight  has  reached  5H 
lb.  there  is  danger  of  cutting  the  head.    The  ideal  scrap  weight  is 
30  per  cent,  of  the  original  weight.     (/)  Shoes  containing  chilled 
cast  iron  either  integrally  or  in  the  form  of  inserts  wear  steel  wheels 
more  rapidly  than  those  of  gray  cast  iron  only.    The  order  of  wear 
of  the  wheels  with  the  shoes  submitted  in  the  total  averages  of 
mileage  per  Me  in.  of  wear  is:  "A,"  100;  "C,"  88.23*  "D,"  83.23; 
"B,"  80.32.     (g)  The  wear  of  shoes  is  largely  dependent  on  the 
character  of  the  foundation  brake  rigging  and  the  way  in  which  it 
is  maintained,     (h)  There  is  a  wide  range  of  mileage  obtained  with 
individual  shoes  of  the  same  type,     (i)  A  steel  wheel  wi)l  run  about 
8000  miles  per  He  in.  wear  in  surface  work,     (j)  The  cost  of  brake- 
shoes  only  per  1000  car  miles  is  least  for  the  cast-iron  "B"  brake- 
shoes  with  chilled  ends,     (k)  The  combination  of  brake-shoe  and 
wheel  costs  per  1000  car  miles  places  the  "A"  and  "B"  brake- 
shoes  about  on  a  par.     (/)  If  the  price  is  based  on  the  cost  of  brake- 
shoes  per  1000  car  miles,  a  higher  price  can  be  paid  for  the  plain 
cast-iron  "  A  "  brake-shoe  than  for  the  one  with  chilled  ends,  because 
of  the  decreased  cost  of  wheel  wear,    (m)  Where  steel  wheels  are  used, 
both  the  wear  of  the  wheel  and  the  wear  of  the  shoe  should  be  con- 
sidered for  though  a  shoe  may  be  very  economical  in  itself,  it  may 
have  such  a  severe  effect  upon  the  wheel  that  when  both  wneel  and 
shoe  are  taken  together  the  result  may  not  be  economical. 

Durability  of  Flanged  and  Slotted  Brake^shoes  Compared  with 
that  of  Plain  and  Solid  Brake-shoes.  The  following  advantages  of 
the  flanged  and  slotted,  brake-shoes  were  given  by  Mr.  S.  W.  Dudley, 
A.S.M.E.,  1914:  The  superior  durability  of  the  plain  slotted  shoe 
as  compared  with  the  plain  solid  amounts  to  11.7  per  cent,  under 
single  shoe  brake  con(fitions  and  5.9  per  cent,  under  clasp  brake 
conditions.  The  wear  of  the  flanged  solid  shoes  per  unit 
of  work  done  is  19  per  cent,  less  than  for  plain  solid  shoes,  and  for 
flanged  slotted  26  per  cent,  less  than  for  plain  slotted  shoes,  or  30 
per  cent,  less  than  plain  soHd  shoes.  The  wear  of  plain  slotted 
shoes  per  unit  of  work  done  is  5.4  per  cent,  less  than  the  wear  of 
plain  solid  shoes,  and  the  wear  of  the  flanged  slotted  is  13.2  per  cent, 
less  than  the  wear  of  flanged  solid  shoes.  For  the  same  amount  of 
work  done  flanged  solid  cost  16  per  cent,  less  than  plain  solid  shoes, 
and  flanged  slotted  cost  23  per  cent,  less  than  plain  slotted,  or  27 
per  cent,  less  than  plain  solid  shoes.  Approximately  135  per  cent, 
more  stops  will  be  required  to  wear  out  the  flanged  solid  than  will 
be  required  to  wear  out  the  plain  solid  shoe;  158  per  cent,  more 
stops  to  wear  out  the  flanged  slotted  than  the  plain  slotted  shoe, 
and  171  per  cent,  more  stops  to  wear  out  the  flanged  slotted  than 
the  plain  soHd  shoe. 
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AJBJLSA.  Standard   Brake-sfio«B,   Brake-shoe    Heads    and 

Key.  Figs.  30  to  32,  inclusive,  show  tlie  principal  ttimensions  of 
the  A.E.R.E.A.  standard  brake-shoes,  brake-shoe  heads  and  key 
with  alterations  recommended  by  the  1913  Committee  on  Equip- 
ment, A,E.R.E.A. 


1 


d± 


Pic.  3D. — A.EJ1..BA.  StuidHril  unflsnged  brake-shoe,  head  and  key  for 

j-in.  tread  whedi. 
Note:    Pot  jM-in.  tread  wheels,  brake-shoe  only  iachanaed  by  increasing 

H.C3.  Standard  Brake-ahoe,  Brake-aboe  Head  and  Cej. 
Fig.  33  shows  the  principal  dimensions  of  the  M.C.B.  standard 
brake-shoe,  brake-shoe  head  and  key. 
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Fig.  33,— A.E.R.E.A.  Stuidard  flanged  bralce-sho 

--S^s 

,  head  and  key 

NOTB!    Pm  3>i-in.  tread  wheels,  brake-shoe  only  i 
lie  width  yi  in.  u  ■bown  in  aectiona. 

changed  by  ine 
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Fic,  33.— M.C.B.  standard  brakt-shoe,  head,  and  key. 


SECTION  IX 

ROLLING  STOCK 

Car  Weights  as  Affecting  Operating  Costs.  For  several  years 
there  has  beea  a  tendency  toward  a  rational  design  of  cars  so  as  to 
reduce  the  weight  as  much  as  possible  consistent  with  safety, 
economical  maintenance  and  Ufe  of  equipment.  As  a  part  of  the 
report  of  the  1909  Committee  on  Equipment,  A.E.R.E.A.,  Mr. 
M.  V.  Ayres  presented  a  paper  on  this  subject,  in  which  he  analyzed 
the  following  items  of  expense  which  may  increase  with  an  increase 
of  car  weights;  namely,  cost  of  power,  cost  of  car  repairs,  cost  of 
track  repairs,  fixed  charges  of  po^er  plant,  and  fixed  charges  of 
distribution  system.  In  all  of  these  cases  the  cost  may  be  shown  in 
the  form  of  a  formula,  with  a  constant  plus  another  quantity  almost 
directly  proportional  to  the  weight  of  car.  Mr.  Ayres  proposes 
the  following  formulas: 

P  a  cost  of  power,  in  cents  per  car  mile 
p  s  cost  of  power,  in  cents  per  kilowatt  hour 
n  n  efficiency  of  transmission,  power  house  to  car 
Op  and  hp  »  coAStants  dependent  upon  frequency  of  stops  and 
schedule  speed 
yW  ™  weight  of  car,  in  tons 

P  =  hap  +  hpW). 
n 

For  ordinary  frequent  stop  service  when  the  schedule  speed  is 
forced  up  to  about  the  highest  point  i)ermitted  by  frequency  of 
stops,  Mr.  Ayres  gives  0.5  and  0.075  as  the  proper  vdues  for  ap 
and  6p,  respectively,  although,  for  ordinary  dty  conditions,  he  states 
that  the  value  of  Op  may  become  as  low  as  0.28. 

He  also  gives  the  formula:  R  =  0.46  +  0.07  W  as  representing 
the  cost  of  car  repairs,  in  cents  per  car  mile,  as  representing  average 
of  data  on  the  cost  of  repairs  on  a  large  number  of  large  systems. 

For  the  cost  of  track  repairs,  although  a  certain  part  of  the  cost 
would  be  incurred  irrespective  of  use,  the  other  proportion  is  evi- 
dently about  proportional  to  ton  mileage,  and  he  gives  the  cost  of 
track  repairs,  in  cents  per  car- mile,  as  ?  =  0.43  -{•  0.026W,  Here 
again  the  relative  values  of  the  two  constants  will  depend  upon  the 
proportion  of  natural  deterioration  to  wear,  but  those  given  are 
believed  to  be  fair  average  values. 

Fixed  charges  on  power  plant  may  be  taken  as  some  proportional 
part  of  the  cost  of  power,  and,  expressed  in  cents  per  car  mile,  the 
fixed  charges  on  power  plant  will  then  be  C  =  kP, 

On  any  railway  system  a  certain  minimum  investment  in  poles, 
trolley  wire  and  feeders  is  required,  and  in  addition,  an  investment 
nearly  proportional  to  the  power  demand.  In  cents  per  car  mile, 
the  fuced  diarges  on  a  distribution  system  will  be  i*"  =  0/  +hfW. 
The  values  assigned  to  a/  and  hf  will  vary  enormously  with  differ- 
ent characters  of  road,  being  much  greater  for  the  interurban  than 
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for  the  city  system.    Mr.  Ayres  gives  the  following  as  a  fair  average 
for  an  interurban  road:  F  =  0.32  +  o,o2W. 

Total  Costs  Affected  by  Car  Weights,  Summing  up  the  above 
items  and  making  the  following  assumptions: 

P  =  $0.01  =  cost  of  power  per  kilowatt  hour 
^  ^    o  •  75  =  efficiency  of  transmission,  power  house  to  car 
k  ^    o .  50  »  constant  connecting  fixed  charges  on  power  plant 

with  cost  of  power  , 

we  have  as  the  total  cost  of  operation  as  affected  by  car  weight,  in 
cents  per  car  mile,  M  =  2.21  +  0.267?^. 

The  application  of  Mr.  Ayres'  formula  thus  gives  for  the  five 
items  of  operating  costs  considered,  a  cost  of  4.88  cents  per  car 
mile  for  the  operation  of  a  lo-ton  car,  the  curve  rising  to  15.56 
cents  per  car  mile  for  a  50-ton  car. 

Succeeding  A.E.R.E.A.  committees  have  given  careful  consid- 
eration to  details  of  the  reduction  in  weight  of  car  bodies,  car 
body  accessories,  pKJwer  brakes,  trucks,  and  motive  power  equijh 
ment,  and  at  the  present  time  this  important  item  has  every  consid- 
eration in  rolling  stock  design,  although  care  should  be  taken  to  re- 
member the  differences  in  operating  conditions.  A  subway  or  ele- 
vated car  cannot  be  so  light  per  running  foot  as  a  surface  dty  car  on 
account  of  its  higher  speeds  and  rates  of  acceleration  and  retardation. 
It  is  also  operated  in  trains,  which  makes  it  necessary  to  provide  for 
buffing  shocks  and  heavy  draft  rigging  stresses.  In  the  case  of 
the  interurban  car,  weight  reduction  must  not  be  permitted  to 
go  so  far  as  in  dty  cars,  as  the  interurban  car  is  often  operated  over 
rough  track  at  high  speeds,  which  necessitates  enough  weight  to 
insure  steady  riding;  the  car  may  be  used  to  pull  trailers,  in  wiiich 
case  ballasting  weight  is  necessary;  the  energy  consumption  of  an 
interurban  car  operated  at  relatively  infrequent  intervals  is  not  so 
important  as  on  city  lines  where  hundreds  of  cars  may  be  carrying 
excess  weight;  and  there  is  the  further  desirability  of  massive 
construction  from  the  standpoint  of  safety. 

Decreased  Weight  of  Single-ended  Cars.  The  A.E.R.E.A. 
1 9 10  Committee  on  Equipment  called  attention  to  the  large  sav- 
ing in  weight  which  can  be  made  by  the  use  of  single-ended  cars, 
as  follows,  as  applying  to  double-truck  car  of  the  semi-convertible 
type. ,  ,    ^ 

Weight  eliminated  by  making  car  single-ended : 

Step  risers,  hangers  and  brackets 306  lb. 

Reversing  mechanism  for  seats 108  lb. 

Brake  rigging 333  lb. 

Pender  and  hangers 1 35  lb. 

Doors,  door  pockets  and  operating  mechanism 548  lb. 

Sand  box  and  mechanism 40  lb. 

Brake  valve 31  lb. 

Air-brake  piping 100  lb. 

Trolley  equipment X40  lb. 

Electric  equipment,  wiring,  etc '. . .  392  lb. 

Headlight 35  lb. 

Switch  cabinet 75  lb. 

Life  guards 130  lb. 

Snoyr  scrapers. 335  lb. 

Total  saving  in  weight 3477  lb. 
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While  tHe  equipment  advantages  of  single-end  cars  are  ad- 
mitted, many  operators  hesitate  to  adopt  a  design  which  cannot 
readily  be  turned  back  in  case  of  blockades,  which  call  for  either  Y's 
or  loops  at  the  end  of  routes,  and  which  is  much  harder  to  handle 
quickly  in  case  of  car  house  fires. 

Comparison  of  Car  Weights  by  Seating  Capacity.  As  it  is  cus- 
tomary to  compare  car  weights  on  the  basis  of  seating  capacity, 
the  A.E.R.E.A.  191 1  Committee  on  Equipment  proposes  the 
following  general  values  for  seat  dimensions:  Width  of  seat  at  hip 
line,  17  in.;  height  of  seat,  17  in.;  height  of  back,  17  in.;  distance 
between  centers  of  transverse  seats,  30  in.  It  was  suggested  that 
the  dimensions  given  be  used  in  determining,  the  seating  capacity 
of  car  spaces  not  provided  with  seats,  such  as  baggage  compart- 
ments and  also  in  determining  the  seating  capacity  of  longitudinal 
seats.  The  custom  of  comparing  cars  on  the  weight  per  seat  basis 
is  quite  apt  to  be  misleading  on  account  of  variations  in  arrange- 
ment and  size  of  seats,  whether  the  car  is  single  or  double  ended, 
whether  drop  platform  or  side  entrance,  etc.  It  is  particularly 
weak  when  applied  to  interurban  cars  where  space  must  be  pro- 
vided for  baggage  and  express.  Taking  these  things  into  con- 
sideration, the  weight  per  square  foot  including  platform  space, 
or  the  weight  per  nmning  foot,  should  prove  more  satisfactory. 

Economical  Size  of  Cor.  On  the  basis  of  single-car  equipment, 
it  is  perhaps  obvious  that  the  car  of  the  largest  capacity  which 
can  be  run  and  kept  economically  loaded,  maintaining  the  proper 
frequency  of  cars,  will  give  the  least  cost  per  seat  or  passenger- 
mile.  If  multiple  unit  or  trailer  operation  is  used,  the  fixed  charges 
on  a  large  train  may  be  very  greatly  cut  down,  as  smaller  equipments 
can  be  used  to  o^uch  better  advantage. 

Typical  City  Cars.  Figs,  i  to  16,  inclusive,  illustrate  the  floor 
plan  and  seating  arrangement  of  cars  as  standard  with  sixteen 
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Pig.  I. — New  York  Railways — 47  Seats.    Typical  city  car,  end  entrance. 

companies  operating  large  surface  systems.  Most  of  these  cars  are 
of  the  prepayment  type,  and  Uie  principal  dimensions  and 
characteristics  of  their  equipment  are  shown  in  the  tables  on 
pages  s^  I  to  533. 

It  is  becoming  evident  that  the  ideal  car  for  qmck  passenger 
movement  is  the  drop  platform  type  with  rear  entrance  and  front 
exit.  Studies  which  have  been  made  of  the  center-entrance  cars 
show  that  they  are  somewhat  slower  in  loading  on  account  of  oppos- 
ing streams  of  traffic  using  the  same  opening  for  extrance  and  exit. 

Low  Floor  Car.  The  1914  stepless  type  of  car  as  used  by  the 
Third  Avenue  Railway,  New  York,  is  a  most  sensible,  low  floor 
car,  making  use  of  a  standard  car  body  and  obtaining  the  low 
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Public  Service — 42  Seats 


Washington — ^33  Seats 


Cincinnati — 33  Seats 


Pittsburgh— 56  SeaU 


Philadelphia— '53  Seats 
Pigs.  2-6. — Typical  city  cars,  end  ^tra^^e. 


TYPICAL  CITY  CARS 


529 


.'  j*» 


Baltimore — \i  Seats 
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Detroit — 48  Seata 
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Milwaukee — 52  Seats 
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Third  Avenue — 51  Seats 


St.  Louis — 46  Seats 
Figs.  7— ii. — Typical  city  cars,  end  entrance. 
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Boston — S2  Seats 
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Cleveland — sa  Seats 
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Chicago  Qty— 40  Seats 
•-   45-0* 
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Chicago  Railways — 40  Seats 
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Capital  Traction — 36  Seats 
Pigs.  ia-i6. — Typical  city  cars,  end  entrance. 
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level  of  end  platfonns  and  car  floor  by  the  use  of  a  low  standard 
truck  with  24-in.  wheels  as  shown  on  page  416,  motors  as  men- 
tioned on  page  241,  and  air  braking  system  as  described  on  pages 
495  and  508.  This  car  body  is  23  ft.  in  length  over  posts  and  35  ft. 
in  length  over  all,  seats  thirty-seven  passengers  in  the  body  and 
eight  more  on  the  platforms.  It  weighs  24,000  lb.,  or  533  lb.  per 
seated  passenger. 

Types  of  Framing.  In  the  above  sixteen  types  of  cars,  which 
were  described  In  a  report  made  in  191 2  for  the  Broc^yn  Rapid 
Transit  System  by  its  Mechanical  Department,  five  distinct  tyi)es 
of  framing  were  found,  as  follows: 

first.  Wooden  framing  with  convex  and  concave  sides,  with  sills 
reinforced  with  steel  plates;  which  type  the  report  states  is  now 
practically  obsolete,  having  been  superseded  by  the  more  exten- 
sive use  of  steel  for  the  principal  members,  a  scientific  applica- 
tion of  pressed  and  commercial  shapes  of  steel  resulting  in  ^ 
stronger  and  more  durable  frame. 

Second.  The  composite  framing  using  heaver  steel  plates  for  the 
lower  panels,  wood  or  thin  steel  for  the  upper  side  panels,  and  wood 
for  the  posts  and  superstructure.  TMs  type  of  construction  is 
commendable  on  account  of  the  reduction  in  number  of  framing 
parts.  A  heavy  steel  plate  for  the  lower  outside  panel  of  a  car  is 
very  desirable  from  a  maintenance  standp<Hnt  on  account  of  its 
durability  and  the  resistance  it  offers  against  wagon  collisions  and 
abrasions.  With  this  type  of  construction  a  light  wooden  super- 
structure is  the  most  suitable,  the  upper  side  panel  being  of  poplar, 
agasote  or  thin  steel,  applied  in  sections  so  as  to  facilitate  renewals. 

Third,  A  composite  framing  using  built-up  steel  girder  side 
construction  and  steel  floor  framing  with  wood  or  thin  steel  serving 
as  the  outside  sheathing.  This  is  a  very  good  construction,  but  is 
probably  more  expensive  to  build  and  is  heavier  because  outside 
sheathing  which  cannot  be  counted  on  for  strength  is  necessary  in 
addition  to  the  inside  girder  side  frame. 

Fourth,  Semi-steel  construction  using  thin  steel  sheets  on  the 
outside  of  the  body  up  to  the  window  sill,  steel  floor  members  with 
wood  for  side  posts  and  roof  construction. 

Fifth,  ^  All  steel  body,  including  side  posts  with  thin  sheet  steel 
for  outside  sheathing  and  with  a  steel  body  plate  riveted  to  the 
top  of  the  posts  to  form  a  girder  of  the  side  of  the  car. 

The  fourth  and  fifth  types  mentioned  above  are  similar  except 
that  in  the  latter  the  whole  side  of  the  car  forms  a  girder  to  give 
the  necessary  strength,  while  in  the  former  the  girder  extends  only 
to  the  window  stool.  With  both  of  these  types  it  is  possible  to 
build  a  light  body  and  probably  no  6ther  method  produces  the 
same  strength  at  a  corresponding  weight.  An  objection  to  this  type 
of  construction  is  that  if  the  thickness  of  steel  is  to  be  governed 
by  the  required  strength  only,  the  material  will  be  so  thin  as  to  be 
dented  easily  by  slight  collisions.  Riveting  also  becomes  difficult 
and  unless  corrosion  can  be  positively  eliminated,  the  life  of  the 
structure  will  be  comparatively  short.  If  steel  of  proper  thickness 
to  overcome  these  objections  is  used,  the  weight  of  the  car  will  be 
very  greatly  increased. 
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Center  ^trance  Cars.  The  floor  plans  of  four  cars  representa- 
tive of  this  t)TJe  are  shown  in  Figs.  17  to  20,  incluMve.  The 
Pittsburgh  car  is  novel  in  the  introducUon  of  an  end  door,  in  addition 


Brooklyn— SB  Seati 
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to  the  center  entrances.     The  principal  dimensions  and  weights  of 
the  Pittsburgh  car  are  as  follows; 

Length  over  buffers «('■    "S"- 
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Weight  completely  equipped,  including  couplers. .  38,000  lb. 

Permissible  truck-center-plate  load 20,000  lb. 

Truck  center  plate,  height 19  in. 

Weight  of  eadi  truck  without  motors 4.220  lb. 

Weight  of  each  motor 1,484  lb. 

Seatmg  capacity 63 

Weight  per  seat :  . .  613  lb. 

The  design  of  this  Pittsburgh  light,  low  floor  car  is  based  on  the 
use  of  a  specially  designed  motor  of  the  in^de-hung,  spring-sup- 
ported type  which  is  drawn  out  along  the  shaft  and  small  in  &- 
ameter.  This  construction  was  necessary  in  Qrder  to  obtain  space 
for  the  material  required  in  a  motor  of  the  desired  capacity,  the 
maximum  allowable  diameter  being  restricted  by  the  small  diameter 
of  24  in.  of  the  driving  wheels. 

The  Articulated  Car.  The  articulated  car,  as  adopted  in  Boston, 
is  shown  in  plan  and  elevation  by  Fig.  21,  This  car  was  specially 
designed  for  the  safe  and*  economical  handling  of  traffic  in  narrow 
and  crooked  streets,  and  in  its  assembly  of  existing  rolling  stock 
units  of  small  carrying  capacity  by  means  of  a  central  or  interme- 
diate compartment,  it  utilizes  a  large  present  investment  in  equip- 
ment which  may  be  no  longer  best  suited  to  the  requirements. 
The  intermediate  compartment  affords  a  flexible  connection 
between  the  two  ends  and  is  used  for  entrance  and  exit  pur- 
poses only.  The  flexible  connection  enables  the  articulated  unit 
to  traverse  any  curve  which  either  of  the  2o>ft.  cars  of  which  it 
is  built  could  negotiate  alone,  and  no  difficulty  .is.  experienced  in 
operating  the  car  on  curves  of  3S-ft.  radius.  The  middle  com- 
partment is  carried  close  to  the  street,  forming  a  low  entrance  step 
14  in.  above  the  rail. 

Double  Deck  cars  have  always  been  popiilar  in  Great  Britain, 
but  not  particularly  so  on  the  continent  of  Europe  where  the 
practice,  so  far  as  this  feature  is  concerned,  is  like  that  in  America. 
Of  late  years,  however,  the  development  in  the  design  of  cars  with 
very  low  floors,  and  also  the  perfection  of  rapid  fare  collection  facili- 
ties, have  together  made  the  double  deck  car  much  more  practicable, 
and  it  is  being  operated  on  some  American  railways.  Within  the 
last  2  years,  cars  of  this  type  have  been  put  in  operation  in  Pitts- 
burgh and  in  New  York  City,  and  the  general  arrangement  of 
these  cars  is  as  shown  in  Figs.  22  and  23.  The  seating  capacity  of 
the  Pittsburgh  car  is  fifty-two  on  the  upper  deck  and  sixty  on 
the  lower  deck,  with  a  weight  of  375  lb.  per  seated  passenger. 
The  New  York  car  weighs,  on  the. basis  of  eighty-eight  seated 
passengers,  522  lb.  per  passenger,  but  the  total  standing  and  seat- 
ing capacity  of  this  car  has  been  found  to  reach  the  high  figure  of 
171  passengers,  and  on  this  basis  the  weight  .of  each  passenger 
carried,  standing  and  seated,  is  266  lb. 

The  double  deck  car  as  used  in  Columbus,  Ohio,  is  a  dupli- 
cate of  the  one  in  New  York,  and  the  reasons  for  the  selection 
of  this  type  at  Columbus  are  contained  in  the  comparative  table, 
shown  on  page  540,  furnished  by  Mr.  A.  St.  George  Joyce,  which 
compares  the  operating  expenses,  initial  coat  and  carrying  capacity 
of  the  double  deck  cars  with  other  types. 
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Estimate  of  Cost  and  Efficiency  of  Various  Types 

OF  Operating  Units 


Double 
deck 

car 

Single 

motor 

car 

2  motor 

cars 
equipped 
with  mul- 
tiple-unit 

I  motor 
lead  car 

and 

I  motor 

trailer 

I  motor 

lead  car. 

I  trailer. 

stepless 

convert- 

• 

control 

ible 

Cost    of    equipment 

$6.500 .  00 

$4,902.52 

S9.932.98 

$8,773-44 

$7,202.52 

(est.)..    . 

Depreciation        per 

520.00 

392.20 

794.64 

701.87 

576.20 

year,  8  per  cent. 

Interest    on    invest- 

390. 00 

294.15 

595.98 

526.40 

432.1s 

ment  per  year,  6 

per  cent. 

Taxes    per    year    at 

97.50 

73.54 

148.99 

131.60 

108.04 

Si. 50  per  looo. 

Insurance    per    year 

48.75 

36.77 

74.50 

65.80 

54.02 

at  $7-50  per  lOOO. 

Average   yearly   car 

47,254 

47.254 

47.254 

47.254 

47.254 

mileage. 

Seated  passengers 

88 

40 

80 

80 

100 

Seating  and  standing 

171 

100 

200 

200 

210 

passenp^ers. 

Total  weight  without 

46,000 

35,773 

71,546 

68,209 

61,773 

passenp^er  load,  lb. 
•  Depreciation 

I.  TOO 

0.830 

1. 681 

1.485 

1. 219 

•Interest  on  invest- 

0.825 

0.622 

1. 261 

1. 114 

0.914 

ment. 

•Taxes 

0.206 
0.103 
1.602 

0.155 
0.078 

1. 144 

0.315 
0.157 
2.288 

0.278 

0.139 
2.038 

0.228 

*  Insurance 

0. 114 

♦  Cost  of  energy 

1.976 

*  Maintenance 

2.058 

1.470 

•  2.940 

2.940 

2.940 

♦Wages,  conductors 
and  motormen. 

5.227 

5.227 

7.841 

7.841 

7,841 

Total  cost,  cents  per 

II. 121 

9.526 

16.483 

15.835 

15.232 

train  mile. 

• 

Cents  per  passenger 

0.0650 

0 . 0952 

0.0824 

0.0792 

0.0725 

capacity  per  train 
mile. 

*  Per  train  mile,  cents. 

Selection  of  the  double  deck  car  was  also  influenced  by  these 
economic  features:  Additional  safety  to  passengers  by  elincdnation 
of  dangers  incident  to  entrance  and  exit;  greater  convenience  in 
entering  and  leaving  car;  improvement  in  working  conditions  of 
motormen  and  conductors;  better  sanitation  through  scientific 
ventilation;  elimination  of  dangers  due  to  premature  starting  of 
cars,  since  they  cannot  start  until  the  doors  have  been  shut;  greater 
facilities  for  passengers  who  desire  to  smoke;  traflSc  congestion 
reduced  by  increase  of  almost  100  per  cent,  in  the  carrying  capacity 
per  foot  of  street  occupied;  decreased  maintenance  and  operating 
expenses  in  the  handling  of  passengers. 

Storage  Battery  Cars.  In  the  development  of  the  storage  bat- 
tery car  the  effort  has<been  directed  toward  securing  a  large  daily 
mileage  at  a  reasonable  cost  per  mile,  or,  in  other  words,  to  reduce 
the  ampere-hour  input  per  car  mile.  This  has  been  done  by 
decreasing  the  weight  01  the  storage  equipment,  decreasing  the 
weight  of  car  body  and  trucks,  and  by  increasing  the  eflSdency  of 
batteries  and  motors,  and  a  mileage  of  from  50  to  100  mileS  can  be 
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secured  in  a  ii-hour  6a,y  without  re-charging.  There  are  at  pres- 
ent nearly  200  storage  battery  cats  in  operation  in  New  York 
City,  this  being  perhaps  70  per  cent,  of  the  total  number  in  opera- 
tion in  this  country.  At  the  present  state  of  development  of  the 
storage  battery  car,  this  type  of  car  cannot  be  consiaered  in  loca- 
tions where  traffic  is  dense,  when  the  service  is  severe  as  regards 
high  schedule  speed,  or  when  long  continuous  grades  are  met.     In 


h 


service  such  as  that  in  New  York  City  where  trolleys  or  other 
types  of  self-propelled  cars  cannot  for  one  reason  or  another  be 
used,  such  condibons  are  best  met  by  the  storage  battery  car.  The 
cars  rarely  exceed  ao  miles  per  hour  free  ruoning  speed  and  in  con- 
sequence bodies  and  trucks  can  be  built  very  iigbt,  resialting  in  cars 
which  weigh,  complete,  little  if  any  more  per  passenger  seat  than 
ordinary  trolley  cars.    Fig.  24  shows  a  type  in  service  on  the  New 
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York  Railways,  the  general  dimensioAs  and  weights  of  which  are 
as  follows: 

Length  over  all 

Height  over  roof 

Width  at  sills 

Greatest  width  at  belt  rails 

Wheel  base  of  single  truck 

Slope  of  ramp  in  floor 6  in.  in 

Diameter  of  wheels 

Height  of  stei>  from  street 

Seating  capacity 

Weight  of  car  complete 

Weight  of  battery 

Weight  of  car  without  battery 

As  indicated  in  the  figure,  each  of  the  two  motors  rests  on  the 
bottom  framing  of  the  car  and  under  a  cross  seat.  Its  pinion 
meshes  with  a  gear  on  a  back  gear  shaft  which  drives  the  car  axle 
by  sprocket  wheel  and  chain. 

General  operating,  data  on  the  storage  battery  cars  of  the  Third 
Avenue  Railway,  New  York,  are  given  as  follows: 

Operating  Data  on  Storage  Battery  Cars  op 
THE  Third  Avenue  Railway,  New  York 

Length  of  run,  minimum 5  miles 

Length  of  run,  maximum 10  miles 

Length  of  run,  average 8  miles 

Maximum  grades . . . ., 5  per  cent. 

Average  number  of  miles  per  car  a  day 58 

Number  of  trips  per  day,  minimum 7 

Number  of  trips,  per  day  maximum 18 

Number  of  trips  per  day,  average 10 

Maximum  sjieed 15  m.p.h. 

Schedule  speed,  minimum 6  m.p.h. 

Schedule  speed,  maximum 7.6  m.p.h. 

Average  number  of  stops  per  mile 8 

Average  duration  of  stops 6  seconds. 

Number  and  type  of  cars  operated  (of  one  type) .  121* 

Weight  of  car  complete I4t500  lb. 

Len^h  of  car 26  ft.  iHin- 

Seating  capacity 26 

Number  ofmotors  per  car,  type  and  rating — two 

motors,  rated  30  amp.  at  no  volts. 
Kind  of  battery  and  number  per  car,  58-cell,  29- 

plate  lead  battery. 

Kw-hr.  per  car  mile  used  at  motors o .  5  to  o .  6 

Kw-hr.  per  car  mile  purchased,  a.c.  energy  at 

6600  volts I  to  1 . 2 

Kw-hr.  per  car  mile  battery  input 0 .910 

Amp-hr.  per  car  mile  of  charge S .  S3  to.6 .  85 

Amp-hr.  per  car  mile  of  discharge 4 .  52  to  5 .  45 

Amp-hr.  efficiency  of  battery. 82  per  cent. 

Voltage  efficiency  of  battery 79.  i  per  cent. 

Watt-hour  efficiency  of  battery 64. 8  per  cent. 

Time  required  to  charge  batteries 7}'6  to  9  hours 

Number  of  miles  obtained  per  charge,  normal . .  85  miles 

Number  of  miles  obtained  per  charge,  maximum  119  miles 
Operating  Cost  per  Car  Mile: 

Platfcnrm  expenses. 8. 75  cents 

Total  repairs  to  cars,  trucks,  electrical  equip- 
ment and  all  shop  and  carhouse  expense.  .  2. 55  cents 

Power I..  2  cents 

Rapid  Transit  Cars.  In  the  design  of  a  car  for  elevated  and 
subway  service  the  conditions  to  be  met  are  considerably  different 
from  those  encoimtered  by  a  car  on  a  street  railway,  both  as  to  the 

*  Now  160  cars. 


RAPID, TRANSIT  CARS  S43 

limitationsof  sze  and  the  difficulties  of  traffic  to  be  bandied.  The 
design  will  also  differ  from  that  of  the  rolling  stock  of  a  steam  at 
electrified  suburban  line,  in  which  service  a.  higher  ratio  of  seat- 
ing to  passenger  capacity  must  be  given  thaji  on  the  shorter  run 


dty  high-speed  lines.    On  most  subway  and  elevated  lines  it 
ahnost   physically  impossible  to    seat  all    rush-hour   passeiig< 


throughout  the  trip  even  with  a  maximum  length  of  train  and  the 
shortest  possible  Headway.    Since  the  rapid  traimt  line  cannot 
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supply  seats  to  all  of  the  rush-hour  passengers,  an  arrangement 
must  be  made  which  will  provide  maximum  standing  and  seating 
room  for  the  heavy  and  light  hours,  respectively.  Figs.  25  to  29, 
inclusive,  show  t3rpica;l  floor  plans  with  door  and  seating  layouts  of 
various  leading  types  of  city  rapid  transit  cars,  and  the  tables  on 
pp.  545  to  549,  inclusive,  give  various  data  relative  to  the  weights, 
capacity,  motor  equipment,  etc.,  of  these  cars.  The  following 
table  shows  comparative  costs  of  these  cars: 

Comparative  Costs — Various  Steel  Passenger 

Cars 


Type  o^car 
(identity  of  six 

Total  cost 
completely 

Cost  per 
passenger 

Cost  per 

passenger 

capacity 

Cost  per 
lineal 

companies 
withheld) 

equipped 

seat 

seated  and 
standing 

foot 

A 

$12,236.07 

$160.95 

$46.00 

$175.98 

B 

18.500.00 

260.56 

99.46 

287.09 

C 

13,000.00 

250.00 

84.41 

253-25 

D 

14,500.00 

329.54 

93.54 

300.00 

E 

12,500.00 

284.09 

80.64 

258.62 

P 

14,000.00 

318.18     • 

76.92 

268.91 

New  York  Munici- 

15,000.00 

166. 66» 

SS^SS* 

223.88 

pal. 

(estimated) 

1  On  basis  of  90  seats. 

1  On  basis  of  270  passengers. 

Interurban  Cars.  In  the  design  of  interurban  cars  it  is  usually 
desirable  for  the  comfort  of  the  passenger  on  the  longer  trips  to 
provide  a  full  equipment  of  cross  seats.  It  is  generally  deemed  de- 
sirable also  to  provide  a  separate  smoking  compartment  and  also  a 
compartment  for  baggage. and  light  express  matter,  the  necessity 
or  desirabihty  of  these  compartments  becoming  greater  as  the  head- 
way becomes  longer  and  the  distance  between  terminals  greater.  It 
is  also  desirable  on  long  runs,  and  in  some  states,  compulsory,  that 
toilet  facilities  be  provided.  The  usual  layout  for  such  a  car  is 
shown  in  general  by  Fig.  30,  p.  550,  which  shows  the  plan 
of  the  all-steel  cars  which  are  being  used  by  the  Union  Traction 
Company  of  Indiana.  Such  cars  are  usually  made  single  ended 
with  the  baggage  compartment  in  front.  Tms  position  affords  an 
additional  factor  of  safety  in  case  of  accident  and  allows  the  motor- 
man  to  attend  to  loading  and  unloading  baggage  at  the  station 
stops.  In  the  car  shown,  all  partitions  were  installed  with  large 
glass  areas,  which  arrangement  permits  the  conductor  to  remain 
on  the  rear  platform  from  which  position  he  can  observe  the  move- 
ments of  the  motorman  and  see  all  passengers  in  the  car.  The 
general  dimensions  and  weights  of  the  car  shown  are  as  follows: 

Length  over  bumpers 61  ft. 

Width  over  side  plates , .  8  ft.  H  in. 

Height  from  rail  to  bottom  of  sill 43  in. 

Height  from  bottom  of  sill  to  top  of  roof 9  ft. 

Truck  centers 38  ft.    4  in. 

Weight  of  car  body  with  electrical  and  air-brake 

apparatus.  45,200  lb. 
Weight  of  two  standard  trucks  complete  with  four 

motors.  ,  40,400  lb. 
Weight  of  par  body  fully  equipped  and  mounted  on 

trucks.  85,600  lb. 
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The  Joint  Committee  on  Transportation  Engineering,  A  E.R.E  A, 

1 9 14,  found  that  when  consid- 
ered with  regard  to  entrances 
there  are  eight  different  general 
styles  of  interurban  cars  design^ 
for  train  operation.  These  are 
shown  by  Fig.  31.  a  to  e,  in- 
clusive, are  the  most  common 
types;  a,  b,  and  c  are  double- 
end  and  the  rest  are  single-end 
cars.  W^ere  there  is  any  possi- 
bility of  train  operation,  end 
doors  should  be  provided. 
Swing  doors  are  preferable  to 
sliding  doors  for  all  but  the 
baggage  compartment  because 
they  allow  more  rigid  and  strong 
bulkhead  construction,  cause 
less  trouble  and  have  a  lower 
maintenance  cost. 

Freight  and  Express  Cars. 
Where  shipments  are  made  in 
less  than*  carload  lots  there 
should  be  two  large  doors  on 
each  side  of  the  car.  Fig.  32 
(from  the  report  of  the  above 
committee^  shows  typical  out- 
line plans  for  freight  and  express 
cars.  Cars  a,  b  and  c  are  motor 
cars  and  the  rest  are  shorter  de- 
signs for  trailers.  Car  a,  having 
one  large  and  one  small  door  on 
each  side,  is  satisfactory  when 
the  car  is  not  so  lone  that  time 
is  lost  in  carrying  freight  b«t 
tween  door  and  end  of  car.  In 
b  the  smaU  end  doors  facilitate 
the  handling  of  long  pieces  of 
freight.  Car  c  affords  the  most 
rapid  handling  of  freight.  In  d^ 
e  and  /  the  comer  doors  permit 
passage  between  cars.  Car /is 
provided  with  an  end  door  for 
the  handling  of  automobiles  and 
other  bulky  freight 

Standard  Dimensions  of  Cars. 
The  A.E.R.E. A.  standard  height 
of  couplers  for  dty  cars,  meas- 
ured from  the  top  of  the  rail  to 
the  center  of  the  coupler,  is  20 
in.  The  standard  heignt  of  plat- 
form, measured  from  the  top  of  rail  to  th^  top  of  platform  floor,  is 
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31  in.  for  city  cars  and  51  in.  for  interurban  cars.  The  standard 
height  of  city  car  bumpers,  measured  from  the  top  of  the  rail  to 
the  top  of  bimiper,  is  31  in.,  and  the  width  of  bumper  is  6  in. 


■  « 
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Pig.  31. — Otttline  plans  for  interurban  passenger  cars. 
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Where  possible,  the  top  of  the  bumper  should  be  reinforced  with 
a  bumper  casting  of  suitable  design,  which  will  engage  the  bumper 
of  interurban  cars  as  well  as  provide  a  wider  surface,  thus  pre- 
venting the  bumpers  from  pass-       •      ^__^ 

ing  over  each  other  and  the  cars  ^  *      '' 

from  telescoping  in  case  of  colli- 
sion between  dty  and  interurban 
cars.  This  bumper  casting 
should  be  designed  to  include 
the  pocket  casting  for  coupling 
city  cars  to  interurban  cars,  as 
later  referred  to.  The  standard 
height  of  interurban  car  bumper, 
measured  from  the  top  of  TaU  to 
the  top  of  bumper,  is  51  in., 

and  the  width  of  bumper  is  8  in.  ^ 1 — I v 

The    bumper   arrangement    on  ^fT  ] 

interurban  cars  shoidd  be  made  ^ 1 — I * 

as  solid  and  substantial  as  the  ^ 

design  of  the  equipment    will  f    '     '     '■       '     '     \ 

p>ermit,  and  a  suitable  arrange-  *  T  I 

ment  should  be  made  to  pre-  — ' — ' ' — • — 

vent  the  bumper  of  the  inter-  ^      , 

urban  cars  from  passing   over              F                               \^ 
the  bumper  of  the  lower  city            -^l             .      .  h 

cars.    Figs.    33   and  34  show  ' — ' 

the    above     standard     dimen-     ^'^- ^^•Tn'dtip^""^'"' '"^'''* 
sions. 

Height  of  Car  Steps.    Public  authorities  have  recently  made  a 
number  of  regulations  relative  to  the  height  of  steps.    For  instance, 
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the  Massachusetts  PXiblic  Service  Commission  in  1914  ordered  that 
aH  passenger  cars  purchased  thereafter  by  street  railway  companies 
shall  be  equipped  with  steps  not  over  15  in.  in  height,  the  bottom 
steps  to  be  measured  from  a  plane  even  \vith  the  top  of  the  rails. 


Fig,  34. — A.E.R.E.A.  standard  dLmensions,  city  car, 

also  that  all  cats  then  owned  and  ojwrated  by  street  railway  com- 
panies should  be  altered  prior  to  July,  1915,  so  that  no  step  should  be 
more  than  17  In.  in  height. 

From  many  tests  on  interurban  cars  the-  Joint  Committee  on 
Transportation  Engineering,  A.E.R.E.A.,  1914,  toupd  that  the  time 
required  for  boarding  and  alighting  was  leas  with  a  step  arrange- 
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ment  having  four  than  with  one  having  three  rises.  The  tests 
showed  that  for  three  rises  consisting  of  a  i6H-in.  rise  from  the 
rail  to  the  first  tread,  then  two  14-in.  rises  to  the  vestibule  plat- 
form, the  average  boarding  time  was  approximately  3  seconds 
and  the  average  alighting  time  was  2H  seconds.  For  four 
rises  consisting  of  a  15-in.  rise  from  the  rail  to  ^he  first  tread, 
then  three  lo-in.  rises  to  the  vestibule  platform,  the  average 
boarding  and  alighting  times  were  alike,  being  approximately 
ifi  seconds. 

Automatic  Couplers  and  Radial  Draft  Rigging.  There  has  been 
adopted  as  standard  by  the  A.E.R.E.A.  for  use  on  interurban  cars 
a  cou{Slet  of  the  vertical  plane  type  which  has  the  same  contour 
lines  of  knuckle  and  guard  arn^  as,  and  which  will  automatically 
couple  with,  standard  steam  railroad  couplers  of  the  M.C.B.  type. 
The  draft  rigging  and  draw-bar  supports  for  these  couplers  should 
be  such  that,  with  sudden  changes  m  grade,  the  vertical  displace- 
ment of  the  couplers  with  reference  to  each  other  will  not  be 
sufficient  to  cause  the  knuckles  to  become  disengaged.  The  length 
of  the  radial  coupler,  measured  from  the  center  of  the  pocket-pin 
to  the  pulling  face,  should  be  54  in.  T-his  length  will  apply  to  both 
interurban  cars  and  to  cars  in  city  service!  On  city  cars,  where  the 
bimiper  arrangements  will  permit,  a  pocket  casting  is  to  be  placed 
on  the  top  of  tibe  bumper,  the  center  of  the  pocket  to  be  35  in.  above 
the  top  of  the  rail,  and  the  casting  to  be  of  ample  strength  and 
properly  braced,  so  that  by  means  of  a  suitable  bar  city  cars  may  be 
coupled  on  a  level  with  the  automatic  couplers  of  interurban  cars. 
For  this  purpose  it  is  advisable  at  present  to  maintain  a  Unk  slot 
and  coupling  pin  hole  in  the  knuckle  of  the  automatic  couplers. 
The  following  are  the  A.E.R.E.A.  standard  specifications  for 
couplers  for  interurban  cars  where  the  interchange  of  equipment  is 
involved: 

1.  All  couplers  must  be  made  to  automatjcaUy  couple  by  im- 
pact, and  to  uncouple  without  the  necessity  of  going  between  the 
cars,  with  M.C.B.  and  all  other  types  of  M.C.B.  contour  couplers, 
whether  used  by  steam  or  electric  roads. 

2.  A  device  should  be  adopted  for  holding  couplers  on  center 
within  the  required  limits  when  inter-coupHng  with  steam  railroads. 

3.  An  open  knuckle  for  shackle  bar  connection  should  be  used. 

4.  The  draft  gear,  where  possible,  should  meet  M.C.B.  require- 
ments, and  the  draw-bar  anchorages  should  be  equivalent  in 
strength  to  M.C.B.  equipment  and  requirements. 

5.  Couplers  must  not  uncouple  when  cars  are  being  pushed 
around  a  curve  of  35-ft.  center  radius. 

6.  There  should  be  an  arrangement  to  release  and  open  the 
knuckle  without  requiring  the  operator  to  pass  between  the  cars. 

7.  The  face  of  the  knuckle  vertically  should  be  16  in.  maxi- 
mum. 

8.  The  height  of  the  draw-bar  center  should  be  3154  in.  mini- 
mum and  34H  in.  maximum  above  the  head  of  the  rail. 

9.  The  coupling  center  of  couplers  must  have  a  minimum  pro- 
jection of  6  in.  beyond  buffer  faces  at  any  point  between  the 

.  working  limits  of  couplers. 
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lo.  Couplers  should  be  placed  on  both  ends  of  the  cars. 
The  contour  line  for  automatic  couplers  adopted  as  standard  by 
the  Master  Car  Builders'  Association  is  shown  by  Fig.  35. 

End  Connections  on  Interurban^  Cars  Engaged  in  fbe  Inter- 
change of  Cars.  The  locations  of  the  various  end  connections  for 
interurban  cars,  adopted  as  recommended  practice  of  the 
A.E.R.E.A.,  are  shown  in  Fig.  36.    In  this  figure  the  locations 

shown  of  control  train  and  bus 
line  electropneumatic  and  trailer 
light  receptacles  are  such  as  to 
dear  end  doors  where  these  are 
employed  in  the  event  condi- 
tions permit;  if  it  is  other- 
wise required,  their  position 
may  be  altered,  but  the  re-loca- 
tion should  be  on  the  vertical 
center,  as  shown.  The  recep- 
tacles indicated  by  dotted  Unes 
^    are  optional  when  not  required; 

■    *V»     tli«»  trailer  li irht-.    ri^rftntArles  are 


Fig. 


3S. — Contour  line,  M.C.B. 
standard  coupler. 


the. trailer  light  receptacles  are 

£    optional    when    bus    lines    are 

1     used.    The  headlight  receptacle 

^^  *  ^v»rA  I     and  bracket  and  trolley  retriever 

"^^^^ *     bracket  are  optional  when  not 

required. 

The  Standardization  Com- 
mittee of  the  Central  Electric 
Railway  Association  has  pro- 
posed a  standard  location  of 
electropneumatic  signal  whistles 
and  wiring,  as  shown  by  Fig.  37, 
and  also  a  standard  trailer  light 
connector,  as  shown  by  Fig.  ^8. 
Coupler  witli  Wire  and  Air 
Connections.  In  some  instances,  couplers  have  been  arranged  so 
that  the  one  operation  of  coupling  the  cars  also  makes  connec- 
tions for  the  air,  lights  and  signals.  Fig.  39  shows  the  home-made 
addition  to  a  car  coupler,  as  made  by  the  United  Railways  of  St. 
Louis,  for  carrying  contacts  for  signal  and  lighting  circuits. 

Train  Operation.  The  full  realization  of  the  advantages  of 
multiple-unit  operation  can  be  obtained  only  on  roads  having  ample 
substation  capacity  and  a  liberal  feeder  system,  although  me 
requirements  of  these  items  can  be  kept  within  very  reasonable 
limits  by  the  proper  training  of  the  motorman.  Where  multiple- 
unit  trains  are  employed,  it  is  usually  not  necessary  to  have  either 
cars  or  equipment  as  large  as  if  they  were  operated  singly  at  all 
times.  The  predecessor  and  principal  competitor  of  the  multiple- 
unit  train  is  the  combination  of  the  motor  car  and  trailer.  If  the 
motors  are  of  sufficient  capacity,  and  especially  if  two-car  trains 
are  to  be  operated  for  only  short  periods  of  time,  trailer  operation 
may  be  more  economical  than  multiple-unit  operation.  Care 
should  be  taken  that  in  such  operation  the  motors  are  not  over-. 
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loaded  since  the  excessive  heating  may  do  them  damage.  The 
effect  on  motors  of  pulling  a  trailer  may  be  seen  from  the  curves 
in  Figs.  40  and  41  which  are  reproduced  from  a  paper  by  Mr. 
Clarence  Renshaw,  Trans.  A.I.E.E.,  1903.    Fig.  40  showing  rise 


m^mMkWM 


Fig.  36. — A.E.R.E.A.  recommended  location  of  end  connections  for  inter- 
urban  cars. 


in  temperature  of  motors  with  one  car  operating  singly  and  Fig. 
41  showing  the  ris6  in  temperature  with  the  car  hauling  a  trailer 
during  the  rush  hours.  It  will  be  noted  that  the  presence  of  the 
trailer  for  one  trip  in  the  morning  when  the  motors  were  fairly  cool 
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only  caused  the  temperature  to  rise  much  more  rapidly  without 
causing  it  to  reach  any  higher  value,  but  in  the  afternoon  when  the 
motors  had  reached  the  temperature  where  they  would  otherwise 
have  remained,  the  addition  of  a  trailer  for  about  194  hours 
raised  the    temperature    in    this   case   approximately    25    deg. 


s 


MOTOR CAR 


'  rro/fer  L  fgfif  Bus  -x 


XMfJJ^mrsCii 4^ 


Signal  Line  Bus 


TRAILER 
rfrailer  Lighf  Jumpe» 


'^Signaf  Une  Jumper 


^ 


•  •  Signals,  vtith  necessary  restsfance.  to  be  hcaied  so  as  tote  audible  on  boHi 

sloes  of  bulkheads. 

•  Signalline  connectors,ds  per  print  IhB'tt'A, 

a  Trailer  light  connectors,  as  per  print  ttaC-S-A,  used,  fbr  tight  heater  and 

other  awtlUary  circuits. 
■  Signal  sws.  operated  by  bell  cord,  and  connecting  trailer  light  with  signM 

line  bus.    •  ' 

Fig.  37.— C.E.R.A.  standard  location  of  signal  whistles  and  wiring. 


from  75  deg.  C.  The  use  of  trailers  for  rush-hour  service 
is  also  likely  to  cause  delay,  due  to  the  reduction  in  speed  on  accoimt 
of  the  added  weight,  and  the  inability  of  the  trader  to  move  by 
itself  causes  further  delay  in  backing  it  up,  dropping  it,  and  possibly 
shifting  it  at  stub-end  terminals.    Otherwise,  in  certain  classes 
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Fig.  38. — C.E.R.A.  standard  trailer  light  connector. 

of  service  the  trailer  operation  may  be  very  successful  without 
causing  injury  to  the  motor  equipment,  especially  by  taking  ad- 
vantage of  the  thermal  capacity  of  the  motors  in  attaching  trailers 
to  motor  cars  Vhich  have  been  out  of  service  for  5  or  6  hours 
and  leaving  them  attached  for  only  a  limited  number  of  trips. 
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It  may  be  possible,  also,  to  com^sate  tor  the  ejrtra  load  by  a  reduc- 
tion in  tbe  number  of  stops  which  would  ordinarily  be  made  by  the 
motor  car  without  the  trailer.     With  multiple-unit  operation  it 


Pic.  39. — SI.  Loui 

le  posdble  to  apply  n.._    . 

both  as  to  size  and  gear  ratio,  than  if  trailer  operation  had  t( 
provided  for,  but  on  the  other  hand,  the  motot  equipment  on  aii 
cars,  including  those  used  as  the  second  car,  represents  considerable 


B 


dead  investment  when  train  operation  is  resorted  to  only  infre- 
quently. In  rapid  transit  service  where  train  operation  is  the 
nUe  instead  of  uie  exception,  there  is  of  course  no  question  as  to 
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the  advantage  of  multiple-unit  operation,  thus  distributing  the 
motors  among  the  iules  all  along  the  train,  redudng  the  capadty 
of  the  single-motor  equipments,  and  making  available  for  traction 
'  a  much  greater  proportion  or  all  of  the  weight  of  the  entire  trala. 
The  Public  Service  Railway  Company  of  New  Jersey  recently 
conducted  a  series  of  eiperiments  with  the  view  of  determinitig 
the  merits  of  multiple-unit  train  operation  as  applied  to  dty 
service;  whether  the  operation  of  two-car  trains  in  city  service 


gfc 


was  economical  and  desirable;  and  the  combination  and  number  of 
motors  best  suited  for  such  operation.  Comparative  tests  were 
made  with  six  trains,  the  following  description  being  taken  from 

Aera,  1913:     The  trains  tested  comprised  two  single  cars,  one  four- 


train  of  one  four-motor  ani: 
two-motor  cars  and  one  t 
Motors  were  Westinghous 
of  the  operating  results  are 


No.  307,  with  HL  ( 
as  follows: 


C1»M  Of  train 

Per  cent,  of 

car  mile, 

Wati-hoimper 

Fom--motor  single  car 

S?1    ■ 

6S.9 

100.0 

One  four-motor  .nd  00 

two. 

83. S 

Foul-motorcar  and  tr 

I«... 

The  above  shows  that  the  four-motor  cars,  either  single  or  in 
trains,  kept  fairly  close  to  the  standard  running  time.  A  train 
made  up  of  a  four-motor  car  and  a  two-motor  car  lost  a  little  time, 
but  not  as  much  as  the  two-motor  cars,  either  single  or  connected. 
The  four-motor  car  with  trailer  fell  much  further  behind.  The 
energy  consumption  figures  are  taken  from  typical  rash-hour 
trips  in  the  direcdon  of  travel,  and  it  will  be  noted  that  the.  two- 
motor  cars  show  a  saving  of  about  30  per  cent,  in  enei^  con- 
sumption per  car  mile  over  the  four-motor  cars.    This,  beause  of 
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the  lighter  weight  of  the  two-motor  cars,  corresponds  to  about  20 
per  cent,  per  ton  mile.  ^  The  six-motor  train  shows  a  saving  of  about 
14  per  cent,  per  car  mile,  or  about  8  per  cent,  per  ton  mile,  as  com- 
pared with  the  eight-motor  train.  The  motor  car  with  trailer 
shows  a  slight  saving  on  a  car-mile  basis,  but  over  10  per  cent,  more 
energy  consimiption  per  ton  mile  than  a  train  of  two  similar  mo^or 
cars. 

The  six-motor  train  seems  to  be  worthy  of  special  consideration 
for  this  class  of  service.  Its  running  time  was  very  nearly  as  good 
as  that  of  the  eight-motor  train  or  of  the  single  four-motor  car,  and 
at  the  same  time  it  showed  a  saving  of  7.4  per  cent,  in  energy  con- 
sumption per  ton  mile  and  about  twice  as  much  per  car  mile.  It 
has  none  of  the  disadvantages  of  trailer  operation  and  it  would  seem 
to  be  entirely  feasible  to  operate  the  two-motor  cars  singly  during 
the  middle  of  the  day  for  a  larger  part  of  the  year  and  thus  secure 
the  still  greater  energy  economy  as  shown  by  the  two-motoi  car  tests. 
If,  however,  weather  or  rail  conditions  make  it  advisable,  the 
four-motor  c&rs  could  be  run  throughout  the  day,  while  the  com- 
bination of  a  two-motor  and  a  four-motor  car  in  the  rush  hours  would 
meet  the  conditions  of  heavy  travel  much  more  satisfactorily  than  a 
train  of  two  two-moto»  cars,  and  practically  as  well  as  an  eight- 
motor  train.  The  report  on  the  Public  Service  tests  concludes  that 
train  operation  in  dty  service  is  desirable  under  certain  condi- 
tions and  during  certain  periods  of  the  day.  This  is  indicated 
(i)  by  the  faciliues  which  train  operation  provides  for  handling 
rush-hour  loads  and  traffic  of  extraordinary  proportions;  (2)  by 
the  relief  offered  through  congested  sections  by  operation  in  trains 
instead  of  st^  single  units;  (3)  by  the  reduction  in  platform  ex- 
pense which  train  operation  makes  possible  in  comparison  with 
single  cars. 

In  the  operation  of  two-car  trains,  it  is  desirable  that  aU  en- 
trances should  be  at  the  middle  of  the  train  (near  side  trailer  and 
far-side  motor)  in  order  to  eliminate  the  hesitation  factor  which 
existed  in  the  Public  Service  tests. 

Miscellaneous  Equipment  for  Interurban  Cars.  The  Committee 
on  Maintenance  and  Inspection,  AJB.R.E.A.,  1908,  recommends 
that  interurban  cars  should  never  be  put  in  service  without  the 
following  miscellaneous  equipment:. 

Three  sets  of  flags  (red,  white  and  green);  telephone,  where 
standard  to  the  road;  classification  and  marker  lamps  where  oil 
lamps  are  used;  two  trolley  pickups;  one  coupler  or  pulling  bar;  one 
pull  rope;  coupling  link  and  pin;  extra  supply  of  air  pumps  and 
light  fuses  (also  car  and  control  fuses  where  used);  fire  extinguisher 
in  working  order;  one  extra  trolley  pole,  fully  equipped,  on  top  of 
the  car;  one  extra  trolley  rope,  or,  better  stUl,  one  extra  retriever 
equipped  with  rope;  one  trolley  retriever  in  its  place  on  the  rear 
dash;  one  headlight  in  its  place  on  the  front  dash,  for  signal  use. 
Fuses  and  torpedoes  should  be  on  each  car.  The  crew  should  have 
both  red  and  white  lanterns  in  good  condition,  and  sufficient  tools 
to  change  the  trolley  pole  or  make  other  light  repairs.  Interurban 
cars  should  also  carry  a  wrecking  outfit  with  axe,  saw»  jack  and 
crowbar. 
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Cleaning  Cars.  The  following  rules  governing  car  cleaning  at  the 
Boston  Elevated  Railway  Company's  surface  car  house,  as  given  in 
the  report  of  the  A.E.R.E.A.  Joint  Committee  on  £ng;ineering 
Accounting,  191 2,  were  carefully  worked  out  by  the  Department  of 
Rolling  Stock  and  Shops  after  an  extended  study  of  the  work.  It 
coyers  every  detail  of  cleaning  on  various  types  of  cars,  names, 
methods  of  work,  tools  to  use,  number  of  men  to  do  work,  intervals 
at  which  work  should  be  done,  time  required  for  the  job,  etc.  These 
rules  are  followed  except  in  particularly  cold  weather  or  under  other 
imusual  weather  conditions,  when  the  rules  may  be  suspended  by 
the  direction  of  the  car  house  foreman.  It  should  be  noted  that  the 
"Time  Required,"  in  the  first  tabulation,  is  a  maximum  on  25-ft. 
box  cars,  the  time  allowed  on  other  cars  being  proportional  to  the 
surface  covered. 


26^-FT.,  25-FT.,  AND  20-FT.  Box  Cars  Daily  Cleaning — 

Exterior  op  Car 


No. 

■ 

Time  required 

I 
a 
3 

Mop  painted  work  and  side  glass   (excqipt 

during  stormy  weather). 
Clean  vestibule  glass  with  damp  chamois  and 

towel. 
Mud  splashes  to  be  removed  with  wash  brush 

and  clean  water. 

One  man  10  minutes 
One  man  10  minutes 
One  man  10  minutes 

Daily  Cleaning — Interior  of  Car 


4 
5 


Sanding:  Sand  boxes  to  be  tested  by  drop- 
ping sand  on  the  rail,  then  fill  sand  boxes. 

Sweeping  car  body,  vestibule  and  steps  by  the 
following  method:  Sprinkle  lightly  steps, 
platform  and  interior  floor  with  disinfectant 
in  solution  with  water.  Turn  up  cushions. 
Sweep  floor  thoroughly  toward  and  onto 
vestibule. 

Dirt  from  vestibule  and  steps  to  he  swept 
into  receptacles.  Special  attention  to  be 
given  to  dirt  around  cofttrollers  and  brake 
ratchets  and  behind  cab  doors.  Proper 
scraper  to  be  used  for  removing  heavy  dirt. 

Dusting:  Note:  At  least  2  hours*  time  to 
elapse  between  sweeping  car  and  dusting 
same. 

Cars  to  be  dusted  as  follows:  All  of  the  in- 
terior of  car  body  and  vestibules  and  fixtures 
of  same,  including  window  and  monitor 
glass  to  be  dusted  with  feather  duster,  ex- 
cept the  following,  viz.:  lamps,  hand  strap 
poles,  hand  straps,  window  sills,  dasher  sills, 
register  glass  which  are  to  be  wiped  with 
dry  towel.  Care  should  be  taken  to  see  that 
lamps  are  not  left  loose  in  socket. 


One  mail  4  minutes 
One  man  12  minutes 


One  man  6  minutes 


Defects  in  Cars.  Car  cleaners  are  required  to  report  to  foreman  on  duty 
immediately  (giving  car  number  in  all  cases),  the  following  defects,  viz.: 
Sand  boxes  failing  to  work  properly,  defective  light  circuits,  missing  spare 
lamps,  broken  glass,  missing  sign  sticks,  missing  cardboard  signs,  defective 
curtains,  broken  register  or  bell  cords,  exceptional  disorder  conditions  in 
cars  requiring  special  attention,  or  any  other  defects  that  may  come  to  their 
attention. 
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Periodical  Cleaning — Exterior  of  Car 


No. 


Frequency 
of  seriod 


Time 
required 


Washing:  Wash  cars  all  over  below  roof 
using  clean  water  in  troughs  or  pails 
and  wash  brushes. 

In  connection  with  this  job  the  front 
windows  (inside)  of  vestibule  to  be 
washed  with  brush  and  water,  Vesti- 
btile  di^er  sills  to  be  wiped  dry. 

8  Painted  wood  work,  dashers  and  exterior 
signs  to  be  washed  with  water  and  oil 
soap.  Saponified  water  to  be  applied 
to  colored  work  with  wash  brushes,  to 
white  work  with  suitable  scrub  brush. 
All  soa(>  to  be  removed  from  car  bodv 
afterward  by  thorough  rinsing  with 
clean  water.  Windows  to  be  thor- 
oughly cleaned  after  this  process. 

9  Monitor  and  ventilator  glass  to  be  cleaned 
by  wiping  with  dry  towel. 

ID       Headlights  to  be  cleaned  with  oil  soap, 

water  and  waste. 
1 1        Headlights  to  be  painted  after  thorough 

cleaning. 


After  each 
storm. 


Two  months. 


Two  weeks. 

Once  a 
month. 
Twice  a  year. 


Two  men  15 
minutes 
each. 


Two  men  a 
hours  each.' 


One  man 
minutes. 

One  man 
minutes. 

One  man 
minutes 


12 


10 


10 


Periodical  Cleaning — Interior  of  Car 


13 
13 

14 

IS 
16 


17 


Glass  side  window  glass,  bulkhead  glass 
and  vestibule  glass  to  be  cleaned  with 
damp  chamois. 

Curtains  to  be  thoroughly  cleaned  with 
whisk  brooms  and  then  wiped  with 
towels. 

Platforms  and  steps  loosening  all  caked 
dirt  with  suitable  scraper  and  removing 
same  with  whisk  broom. 

Dashers  to  be  washed  and  scrubbed 
using  com  broom  and  oil  soap  and 
water. 

Dashers  to  be  painted  with  quick  drying 
paint  furnished  by  Bartlett  St.  Shops, 
care  to  be  taken  that  paint  is  thor- 
oughly dry  before  car  goes  out.  (Paint 
will  probably  require  8  hours  to  dry.) 

Woodwork  in  car  bodies  and  vestibules  in- 
cluding monitor  glass  to  be  cleaned  by 
first  wiping  with  dry  towel  and  then 
washed  vith  damp  sponge.  Specially 
clean  water  to  be  used  on  this  job. 
Heel  boards  only  may  be  washed  with 
oil  soap  and  water  if  conditions  require 
it. 


Once  a  week. 
Two  weeks. 
Two  weeks. 


Once  a 

month. 

Twice  a  year. 


Once  a 
month. 


One  man  30 
minutes. 

One  man  15 
minutes. 

One  man  10 
minutes. 

One  man   10 
minutes. 

One  man  10 

minutes. 


One  man   i 
hour. 
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Semi-convektible  Cars  Nos.  z,  2,  3,  4  and  4- A 
Daily  Cleaning — ^Exterior  of  Car 


No. 

• 

Maximum  time 
requixed 

20 
ai 

22 

Mop  painted  work  and  side  glass  (except 

during  wet  weather). 

Clean  vestibule  gjass  with  damp  chamois. 
Mud  splashes  to  be  removed  with  wash  brush 

and  clean  water. 

One  man  15  minutes. 

One  man  15  minutes. 
One  man  lo  minutes. 

• 

Daily  Cleaning — Interior  of  Car 

23 
24 

25 

Sanding:  Sand  boj^es  to  be  tested  by  drop- 
ping sand  on  rail,  then  fUl  sand  boxes.    Cars 
to  be  sanded  before  being  swept. 

Sweeping,  car  body,  vestibule  ana  sieps  by  the 
following  method:  Sprinkle  lightly,  steps, 
platforms  and  interior  floor  with  disinfec- 
tant in  solution  with  water.     Using  a  suit- 
able broom,  sweep  side  sills  and  floor  under 
transverse   seats,    sweeping   all   dirt   onto 
center  matting,  sweep  center  matting  and 
floor  space  not  previously  covered  toward 
and  onto  vestibule  floor. 

Dirt  from  vestibules  and  steps  to  be  swept 
into  receptacles.     Special  attention  to  be 
given  to  removing    dirt  around  air-brake 
pipes,  hand  brake  ratchets  and  behind  cab 
doors.     Proper  scraper  to  be  used  for  re- 
moving heavy  dirt. 

Dusting:  Note:  At  least   a   hours,  time  to 
elapse  between  sweeping  car  and  dusting 
same. 

Cars  to  be  dusted  as  follows:  All  of  the  in- 
terior of  the  car  body,  vestibule  and  fixtures 
of   same,   including   window   and   monitor 
glass  to  be  dusted  with  feather  duster  except 
the  following:  lamps,  hand  strap  rails,  win- 
dow sills,  dasher  sill,  seat  arms  and  register 
glass,  which  are  to  be  wiped  down  v^th  dry 
towel.     Care  should  be  taken  to  see  that 
lamps  are  not  left  loose  in  socket. 

One  man  4  minutes. 

• 

• 

One  man  20  minutes. 
One  man  10  minutes. 

Defects  in  Cars.  Car  cleaners  are  required  to  report  to  foreman  on  duty 
immediately  (giving  car  number  in  all  cases),  the  following  defects,  vis.: 
Sand  boxes  fauing  to  work  properly,  defective  light  circuits,  missing  spare 
lamps,  broken  glass,  defective  curtains,  defective  doors,  broken  register  or 
bell  cords,  exceptional  disorder  conditions  requiring  special  attention  or  any 
other  defects  that  may  come  to  their  attention. 
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PEiaoDicAL  Cleaning — Exterioa  of  Car — Semi-convertible 


Frequency 
of  period 


Maziznuxn 
time  required 


Washing:  Wash  cars  all  over  below  roof 
using  clean  water  in  troughs  or  pails 
and  wash  brushes.  In  connection  with 
this  iob  the  front  windows  (inside)  of 
vestibule  to  be  washed  with  brush  and 
water.     Vestibule  sill  to  ^  wiped  dry. 

Painted  wood  work,  dashers  ana  exterior 
signs  to  be  washed  with  water  and  oil 
soap.  Saponified  water  to  be  applied 
to  colored  work  with  wash  brushes,  to 
white  work  with  scrub  brush.  All  soap 
to  be  removed  from  car  bodv  afterward 
by  thorough  rinsing  with  clean  water. 

Wmdows  to  be  thoroughly  cleaned  after 
this  process,  using  pumice  stone  if 
necessary  to  remove  the  rust  accumu- 
lation. 

Monitor  glass  to  be  cleaned  by  first  wip- 
ing with  dry  towel  then  cleaning  with 
damp  chamois.  Includes  interior  and 
monitor  glass  No.  i,  3,  3  cars. 

Headlights  to  be  cleaned  with  oil  soap, 
water  and  waste. 


After  each 
rain  storm. 


Every  2 
months. 


Two  men  ao 
minutes 
each. 


Two  men  aVi 
hours  each. 


Every  a 
w« 


rerv  a 
reeks. 


Once  a 
month. 


One  man  15 
minutes. 


One  man  10 
minutes. 


Periodical  Clbaking — Interior  of  Car — Sbmi-convertiblb 


Glass:  Side  glass,  air  door  glass  and 
vestibule  glass  to  be  cleaned  with  damp 
chamois. 

Curtains:^  To  be  thoroughly  cleaned 
with  whisk  broom  and  then  wiped  with 
dry  towel. 

Platform  and  steps:  Removing  all  caked 
dirt  by  first  loosening  dirt  with  suitable 
scraper  and  removing  same  with 
whisk  broom. 

Dasher  washing:  To  be  washed  and 
scrubbed  using  com  broom,  oil  soap 
and  water. 

Daiher  painting:  To  be  painted  with 
quick  drying  paint  furnished  by 
Bartlett  St.  shops.  Care  to  be  taken 
that  paint  is  thoroughly  dry  before  car 
goes  out.  (Paint  will  probably  require 
8  hottc»  to  dry.) 

Wood  work  and  side  sills  in  car  body  and 
vestibules  also  monitor  glass  to  be 
cleaned  by  first  wiping  with  dry  towel 

.and  then  washed  with  damp  sponge, 

'specially  clean  water  to  be  used  on  this 
job. 


Once  a  week. 
Two  weeks. 
Two  weeks. 


Once  a 
month. 

Twice  a  year. 


Once  a 
month. 


One  man  40 
minutes. 

One  man  ao 
minutes. 

One  man  10 
minutes. 


One  man  30 
minutes. 

One  man  10 
minutes. 


One  man  a 
hours. 
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Track  Sanders.  (W.  H.  Evans,  HI.  Elec.  Ry.  Assoc,  191 2.) 
There  is  no  question  that  satisfactory  results  from  the  use  of  sand  will 
depend  very  largely  upon  the  eflSdency  of  the  sanding  device  itsdf 
and  the  character  of  material  with  which  it  is  supplied.  Owing  to 
the  restricted  conditions  on  an  electric  car,  it  is  usually  very  difficult 
to  install  the  older  types  of  mechanical  gravity  sanders  with  any- 
thing like  a  satisfactory  arrangement.  This  difficulty  is  also  aug- 
mented on  account  of  the  very  sharp  curves  and  other  conditions 
which  usually  prevail  or  at  least  restrict  the  operation  to  some  few 
particularly  bad  locations.  This  has  led  to  the  general  use  of  pneu- 
matic sanders  as  being  superior  to  the  gravity  type  in  that  they  are 
more  readily  applied  and  have  the  advantage  of  distributing  the 
sand  evenly  and  expeditiously  at  the  proper  point  on  the  rail 
directly  ahead  of  where  the  front  pair  of  wheels  makes  contact  with 
the  rails.  The  sand  should  be  applied  only  in  sufficient  quantity  to 
give  maximum  traction  and  braking  power,  and  it  is  especially 
important  that  the  application  should  be  just  previous  to  or  at  the 
time  of  the  application  of  the  brakes  and  before  the  braking  power  is 
high  enough  to  skid  the  wheels.  This  applies  particularly  to  emer- 
gency brake  applications  and  is  one  of  the  special  advantages  of  the 
pneumatic  type  over  any  of  the  gravity  sanders.  The  pneumatic 
type,  however,  requires  very  careful  installation  and  arrangement  of 
the  piping  connections  in  order  to  insure  reliable  and  positive  results 
when  called  upon  under  the  most  trying  conditions  of  weather  and 
roadway.  It  is  also  very  necessary  to  use  a  device  requiring  the 
minimum  amount  of  air  and  sand  as  well  because  of  the  tendency  to 
overload  the  compressor  with  minor  pneumatic  devices  which  were 
not  taken  into  consideration  when  the  capacity  of  the  air  compressor 
was  determined.  The  flexible  connection  between  the  sand  box, 
usually  carried  inside  the  car,  and  the  discharge  pipes  attached  to 
the  trucks  is  usually  a  source  of  considerable  trouble  and  requires 
careful  attention.  The  style  of  the  sand  valve  should  be  such  as 
to  avoid  useless  waste  of  air.  It  should  also  be  located  conveniently 
near  the  brake  valve  so  that  the  two  operations  of  appl3dng  sand 
and  setting  the  brakes  can  be  done  in  emergency  at  practically  the 
same  time. 

Character  of  Sand.  The  best  quality  of  good  sharp  quartz 
sand,  thoroughly  dried  and  screened  and  free  from  dirt  or  soil, 
should  be  used.  Dirty  sand  is  more  susceptible  to  moisture  and 
consequently  its  tendency  to  clog  up  the  pipes  is  greater,  aside  from 
the  harm  it  may  do  after  reaching  the  rail.  Lake  sSmi  has  been 
found  quite  satisfactory  and  is  extensively  used  in  pneumatic 
sanders  on  account  of  its  fine,  even  grain  and  freedom  from  foreign 
matter.  It  is  also  easily  dried  and  screened  and  is  generally  eco- 
nomical. The  character  of  the  sand  is  worthy  of  more  imp>ortant 
consideration  than  is  apparently  usually  given  to  it..  In  soine  casea 
it  is  entirely  lacking  in  the  essential  qualities  and  has  a  tendency 
not  only  to  defeat  the  object  for  which  it  is  applied,  but  actually  to 
assist  in  creating  a  more  serious  condition. 

Car  Heating.  The  following  notes  on  car  heating  are  princi- 
pally from  the  Report  of  the  Committee  on  Equipment,  A.E.R.E.A., 
191 1.    The  usual  means  of  heating  cars  are  (i)  coal  stoves,  direct 
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method;  (2)  coal  stoves,  indirect  method,  similar  to  hot  air  furnace 
used  for  heating  of  houses;  (3)  hot  air  heaters,  air  blast,  motor 
driven;  (4)  hot  water  heaters;  (5)  electric  heaters.  The  character- 
istics of  the  various  methods  should  be  considered  with  regard  to 
the  following  points:  (i)  ability  to  heat  car  to  uniform  temperature; 
(2)  first  cost,  completely  installed  on  car;  (3)  maintenance;  this 
will  include  repairs,  renewals,  replacements,  etc.;  (4)  cost  to  oper- 
ate; in  the  case  of  hot  water  heaters,  this  will  include  fuel  and  labor 
only;  in  the  case  of  electric  systems,  power  only,  and  in  the  case 
of  the  hot  air  blast  heater  using  coal,  fuel,  labor  and  power;  (5) 
weight  of.  system  complete  as  installed  on  the  car  ready  to  operate; 
(6)  fire  risk;  (7)  reliability;  (8)  regulation;  this  refers  to  ability 
to  regulate  the  heat  to  outside  temperature;  (9)  space  occupied; 
(10)  appearance;  (11)  attention  required  from  car  crew;  (12) 
cleanliness,  which  will  include  freedom  from  dust,  ashes  and  obnoz-^ 
ious  gases;  (13)  adaptabiUty  and  relation  to  ventilation  sjrstems. 

Aside  from  the  ordinary  coal  stove,  the  three  principal  heating 
systems  are  the  hot  air  heater,  hot  water  heater  and  electric  heater. 
The  Hot  AJr  Heater.  In  this  system  the  air  is  heated  by  a  coal 
fire  and  forced  through  suitable  ducts  along  the  side  of  the  car  by 
motor-driven  fans.  By  its  use  it  is  possible  to  secure  quite  uniform 
heating  of  the  car.  The  heat  being  applied  along  the  floor  line 
results  in  dry  floors,  which  is  a  very  strong  point  in  its  favor.  The 
first  cost  is  rather  high,  but  as  the  equipment  becomes  better  devel- 
oped this  cost  should  be  somewhat  lower.  The  maintenance  of  this 
system  is  considerable,  but  exact  data  are  not  yet  available.  The  cost 
to  operate,  including  only  the  items  of  coal,  labor  of  attendance  and 
cost  of  electricity  for  the  motor  is  comparatively  low.  The  weight 
depends  upon  type  and  size  of  car,  but  is  practicafly  the  same  as 
electric,  and  less  than  hot  water  heaters.  The  fire  risk  is  practically 
the  same  as  in  the  case  of  hot  water  heaters.  The  reliability  of 
the  heater  in  its  present  state  of  development  seems  to  be  an  open 
question.  The  regulation  is  not  so  good  as  it  should  be,  but  will 
undoubtedly  improve  as  the  apparatus  is  further  developed. 
When  this  system  is  used  in  conjunction  with  exhaust  ventilation, 
the  regulation  is  better.  The  space  occupied  is  perhaps  greater 
than  with  hot  water -heaters.  The  appearance  compares  favorably 
with  other  tj^es  of  coal  heaters.  Considerable  attention  is  required 
from  the  car  crew  from  time  to  time  in  order  to  keep  fire  in  proper 
condition,  but  where  the  heater  can  be  placed  near  the  conductor  or 
motorman,  this  is  readily  accomplished.  It  is  not  so  clean  as  the 
electric  system,  but  compares  favorably  with  hot  water.  As  this 
system  is  designed  to  provide  for  ventilation,  it  is  readily  adapted 
to  tiiat  end. 

The  Hot  Water  Heater.  This  system  possesses  many  valuable 
characteristics,  among  which  are  independence  of  the  electric 
power  supply,  which  is  quite  a  consideration  in  interurban  work 
where  long  runs  are  made  and  the  p>ower  supply  is  subject  to 
interruption.  By  the  use  of  this  type  of  heater  it  is  possible  to  heat 
the  car  very,  uniformly.  The  efficiency  of  hot  water  heaters  will 
fall  off  materially  if  the  pipes  and  coil  are  not  kept  reasonably  free 
from  scale  and  other  deposits.    The  first  cost  is  not  so  high  as  that  of 
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the  hot  air  system.  The  maintenance  is  higher  than  that  of  the 
electric  system.  The  cost  to  operate,  inducHng  only  the  items  of 
fuel  and  labor,  is  approximately  the  same  as  for  the  hot  air  heater. 
The  weight  of  the  hot  water  apparatus  is  high  and  has  long  been  one 
of  its  chief  drawbacks,  but  the  latest  types  show  improvements  in 
this  respect.  The  fire  risk  is  substantiaUy  the  same  as  for  the  hot  air 
heater.  In  case  of  accident  there  is  a  hazard  from  the  fire  in  the  coal 
stove.  The  reliability  is  very  good.  The  r^ulation  is  compara- 
tively poor.  It  takes  some  time  for  water  to  take  up  heat  and,  con- 
versely, it  takes  some  time  for  water  to  lose  its  heat.  The  space 
occupied  is  considerable  and,  except  on  single-end  cars,  this  space 
is  valuable  as  seating  or  standing  room.  The  hot  water  heater 
with  its  expansion  drum,  water  glass  gage,  etc.,  does  not  add  to  the 
appearance  of  a  car,  except  where  it  is  practicable  to  partly 
enclose  the  apparatus.  Attention  is  required  from  time  to  time, 
but  the  work  is  small  and  where  the  heater  can  be  located  dose  to 
one  of  the  crew,  it  does  not  take  him  from  other  duties.  The  hot 
water  heater  as  usually  installed  produces  dust,  and  very  fre- 
quently obnoxious  gases.  The  heating  elements  being  pipes  located 
one  above  the  other  near  the  floor  line,  it  is  easy  to  adapt  this  system 
of  heating  to  anypractical  scheme  of  ventilation. 

The  Electric  Heater.  It  is  perfectly  possible  to  secure  uniform 
temperatiure  throughout  the  car.  The  first  cost  is  lower  than  that  of 
any  of  the  other  modem  systems.  When  the  electric  heater  is 
carefully  installed  with  wiring  in  conduit,  the  maintenance  is  very 
low,  being  considerably  less  than  that  of  any  of  the  other  modem 
systems.  The  cost  to  operate,  which  indudes  energy  only,  is  vari- 
able, depending  on  the  size  of  car,  the  range  of  temperature,  the 
cost  of  energy,  and  whether  the  peak  load  on  power  stations  conies  in 
the  heating  seasons  or  not.  In  general,  the  cost  of  operation,  as 
defined  above,  is  high.  There  are  many  cases,  however,  where  this 
method  of  heating  will  show  the  greatest  net  economy.  The  weight 
is  the  least  of  any  of  the  modern  heating  systems,  except  in  some 
cases,  where  it  is  practically  the  same  as  the  hot  air  heater.  Where 
the  wiring  is  properly  installed  in  conduit  the  fire  risk  is  practically 
nil.  This  system  is  very  reliable.  The  regulation  is  best  of  all, 
it  being  possible  to  follow  dosdy  and  without  itrouble  rapid  changes 
in  outside  temperature.  The  space  occupied  is  very  small  and  is  not 
useful  for  standing  or  seating  capadty.  The  appearance  of  such 
parts  as  are  exposed  is  very  good.  The  dectric  heating  system 
requires  the  minimum  amount  of  attention  from  car  crew.  This 
tjrpe  of  heater  is  clean  and  free  from  dirt  or  obnoxious  gases.  The 
heating  units  being  subdivided  and  located  under  the  car  seats  or 
along  the  truss  plank  are  readily  adaptable  to  any  practical  system 
of  ventilation. 

ComparatiYe  Costs  of  Car  Heating.  As  a  comparison  in  costs 
of  heating  a  car  by  the  three  modem  systems,  the  following  esti- 
mate is  given.  The  figures  are  based,  in  general,  on  results  ob- 
tained in  practice  and  are  considered  fair  and  reliable. 

Assumptions:  32-ft.  car  body;  heating  season,  145  days;  lowest 
temperature,  about  zero;  munidpal  requirements,  50  deg.  F.;  cost 


CAR  HEATING  COSTS 


567 


of  energy,  1.4  cents  per  kilowatt  hour  at  the  trolley;  cost  of  coal, 
$7-75  P«r  ton. 

Total  Cost  for  i  Year  Chargeable  to  Car  Heating 


Electric 
heater 


Hot  water 
heater 


Hot  air 
heater 


Cost  of  power. 

Repairs  and  maintenance 

Interest  and  depreciation 

Coal 

Labor  of  attendance 

Hauling  weight  (4  cents  per  pound 

per  year) 

Insurance  charge 


Total  cost  per  car. 


•137.03 
1.09 
8.80 


30.00 


$166.93 


*4-35 

18.75 

47.76 

8.70 

60.00 

13.00 


$151.56 


$8.33 

3.90 
18.60 

47.70 

.8.70^ 

/30.00 
13.00 


$Zl8.l8 


The  above  figures  are  based  on  the  following  data  and  assump- 
tion^: 


Electric 
heater 


Hot  water 
heater 


Hot  air 
heater 


First  cost,  installed. .  .^ 

Interest  and  depreciation,  per  cent. 

Weight  installed,  pounds 

Coal  consumption  per  day,  pounds , 
Power  consumption,  kilowatts 


Repairs  and  maintenance,  cents  per 

day  of  heating  season 

Cost  of  car. 

Investment  in  car  houses  per  car . . . 

Hours  per  day  per  car 

Labor  of  attendance,  cents  x>er  day 

of  hating  season 

Heating  season,  days 

Extra  insurance  over  electric  heaters: 

Cents  per  $100  on\:ar  houses 

Cents  per  $100  on  cars 


$80 . 00 

5  and  6 

500 


SO 
average  for 
heating 
season 

H 
$6000 . 00 
$1500.00 

13H 


14s 


$135.00 

5  and  10 

i.Soo 

85 


•  •  •  •  • 


$6000 . 00 
$1500.00 

13H 

6 
145 

10 

17H 


$155.00 
5  and  7 

500 
85 

0.3 


$6000 . 00 
$1500.00 

13H 

6 
145 

10 

17H 


Peak  load  on  power  stations  during  heating  season. 

From  the  above  it  is  seen  that,  under  ike  conditions  assuntedy  the 
relative  total  economy  of  the  three  principal  heating  systems  is  as 
follows:  Hot  air  system,  first;  hot  water,  second;  and  electric, 
third.  If  the  conditions  are  different  from  those  taken  as  typical, 
different  results  will  be  obtained;  for  example,  if,  under  the  above 
assumptions,  the  peak  load  on  powe;  stations  came  in  summer  time, 
then  the  electric  heating  system  would  show  the  greatest  total 
economy.  This  results  from  the  fact  that  in  the  latter  case  the 
proper  charge  for  energy  would  be  only  the  cost  of  coal  per  kilowatt- 
hour,  or  say  0.5  cent  instead  of  1.4  cents.  It  is,  therefore,  readily 
apparent  why  it  is  impossible  to  say  off-hand  that  the  cost  of  car 
heating  is  so  much  per  day  unless  all  the  conditions  are  known.  As 
stated  before,  in  the  choice  of  a  system  for  heating  cars- some  con- 
sideration other  than  that  of  total  economy  may  govern,  such  as 
appearance,  space  factor,  ability  to  regulate,  and  fire  hazard. 
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In  figuring  the  power  consumption  of  electric  heaters,  the  fol- 
lowing method  will  probably  give  the  most  accurate  results:  Ob- 
tain from  the  weather  bureau  teriiperature  readings  for  each  winter 
for  several  years.  Plot  a  curve  showing  variation  of  temperature  for 
each  ay  of  the  heating  season.  Find  what  circuit  in  heaters  is 
used  for  various  temperatures  and  plot  a  power  curve  which  will 
indicate  the  average  kilowatts  per  day. 

In  the  use  of  hot  water  or  hot  air  heaters  there  is  a  tendency  on  the 
part  of  the  car  crew  to  use  less  coal  than  is  necessary  to  keep 
the  cars  at  a  uniform  temperature  during  the  time  they  are  in 
service,  while  with  electric  heaters  the  tendency  is  to  put  on  three 
points  where  two  points  would  suffice.  This  may  give  rise  to  false 
ideas  of  the  relative  costs  of  the  various  heating  systems. 


Be«lstuice  A 


Platinnm  Contact    '       Q 


Blov-oat  OoU 


Main  Svltch 
E 


Thenaometor 


Throosh  Beaten 
.  to  GrottMd 

Fig.  42. — Electric  thermostat  control  for  car  heaters. 

In  the  installation  of  electric  heaters,  it  is  preferable  to  have  a 
comparatively  large  number  of  heaters  rather  than  a  few,  even 
though  the  power  consumption  is  on  the  same  basis,  on  account  of 
the  better  custribution  of  the  heat.  For  localities  where  the  tem- 
perature reaches  zero  or  lower,  it  is  well  to  have  about  4.5  watts  per 
cubic  foot  of  car  body,  otherwise  it  may  be  difficult  to  maintain  the 
cars  .comfortable  when  low  temperatures  prevail. 

Thermostatic  Control  of  Electric  Heaters.  A  number  of  devices 
have  been  designed  for  the  automatic  regulation  of  electric  heaters, 
the  successful  operation  of  which  very  gireatly  reduce  the  cost  of 
electric  heating,  in  some  cases  the  tests  showing  a  saving  of  some  50 
per  cent.  One  type  of  thermostatic  control  is  illustrated  in  Fig.  42* 
by  reference  to  wluch  the  operation  of  the  control  circuit  is  explained 
as  follows :  Normally  current  flows  through  resistance  A ,  the  magnet 
coil  of  switch  E  and  resistance  B  to  ground,  and  switch  E  is  held 
closed.  Current  then  flows  direct  from  the  trolley  through  the 
blowout  coil  and  the  contacts  of  switch  E  and  then  through  the 
heaters  to  the  ground.    As  the  car  warms  up,  the  column  of  mercury 
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in  the  thermometer  rises.  When  it  touches  the  upper  platinum 
contact,  a  current  of  very  low  voltage  is  shunted  around  resistance 
By  through  fuse  C,  the  coil  of  relay  D  and  the  thermometer,  to 
ground.  Relay  D  is  thus  energized  and  its  contacts  close.  This 
short-drcuits  the  magnet  coil  of  switch  E,  and  that  switch  opens  by 
gravity,  cutting  current  off  the  heaters.  When  the  temperature 
falls  so  that  the  mercury  of  the  thermometer  leaves  the  platinimi 
contact,  the  thermometer  circuit  is  broken,  and  relay  D  is  no  longer 
energized.  Hierefore,  its  contacts  open,  breaking  the  shunt  around 
the  coil  of  switch  E,  The  latter  is  then  energized  and  closes,  turn- 
ing current  on  the  heaters.  A  rise  and  fall,  of  less  than  i  deg.  is 
sufficient  to  turn  the  heatws  off  or  on  as  required. 

Ventilation  of  Cars.  Authorities  differ  as  to  the  amount  of  air  to 
be  supplied  per  person  per  hour,  in  order  to  provide  a  reasonable 
standard  of  air  purity.  An  ordinance  of  the  dty  of  Chicago  on  this 
subject  calls  for  the  suppl3dng  of  350  cu.  ft.  per  hour  per  passenger 
(based  on  maximum  standing  and  seated  load);  provided,  however, 
that  the  air  in  the  car  shall  at  no  time  show  more  than  ten  parts  of 
CO2  in  10,000  parts.  It  was  found  possible  to  meet  this  requirement 
by  any  one. of  several  ventilating  systems. 

Monitor  Deck  Windows.  The  usual  method  of  obtaining  ventila- 
tion in  electric  railway  cars  has  been  to  provide  a  monitor  deck  or 
clear  story  in  which  there  are  a  number  of  small  windows  that  can 
be  opened.  The  ventilation  afforded  by  these  small  windows  is 
largely  by  dilution;  that  is,  such  air  as  may  enter  serves  to  freshen, 
the  air  in  the  car.  The  chief  objection  to  the  system  is  that,  under 
some  conditions  of  operation,  strong  draughts  are  created  which 
are  objectionable  to  passengers. 

Types  of  Ventilators.  Ventilation  systems  other  than  monitor 
windows  have  been  worked  out  prindpally  along  two  Unes:  those 
operated  by  the  movement  of  tne  car  through  the  air  and  those 
operated  by  motors.  The  first  are  usually  called  the  automatic 
systems  and  the  second,  mechanical  systems.  Automatic  ventilators 
are  usually  "Exhauster"  and  should  be  so  designed  as  to  exclude 
rain  and  snow  and  to  prevent  gusts  of  air  coming  into  the  car. 
The  action  of  automatic  systems  is,  of  course,  variable,  depending  on 
the  velodty  of  the  car  and  the  direction  and  force  of  the  wind.  The 
mechanical  systems,  of  which  there  are  two  prindpal  kinds,  the 
"Exhauster"  type  and  the  "Blower"  type,  are  positive  and  prac- 
tically independent  of  motion  of  the  car  or  velodty  of  the  wind. 

Mechanical  System  of  Ventilation.  A  t3rpical  mechanical  sys- 
tem consists  of  a  motor-driven  exhaust  fan  located  on  the  vesti- 
bule roof,  or  other  practical  point,  an  exhaust  chamber  formed  in 
the  upper  ceiling  of  the  car,  openings  located  at  various  points  in 
the  cdHng  and  intakes  located  at  several  points  in  the  floor  and 
connected  to  the  electric  heaters.  The  cold  air  thus  is  made  to  pass 
over  the  heating  surface  before  coming  into  the*  car  body  which  is 
generally  appreciated  as  a  very  desirable  feature.  Tests  show  that 
consumption  of  energy  for  heat  is  not  increased  by  this  method. 
The  fan-motor  set  consists  of  a  ^-h.p.  motor,  direct-connected  to  a 
spedally  designed  9-in.  cone  fan.  This  fan  will  handle  about 
33,000  ft,  of  air  per  hour  under  normal  conditions  of  Une  voltage. 
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The  motor  is  connected  direct  to  the  500-volt  trolley  circuit  through 
a  standard  combination  snap  switch  and  fuse,  and  is  started  and 
stopped  by  means  of  this  switch.  The  motor  and  fan  are  mounted 
in  a  suitable  metal  housing  which  is  connected  to  the  exhaust  cham- 
ber. The  fan  discharges  through  protected  openings  in  each  side 
of  the  housing.  The.  exhaust  chamber  in  the  upper  part  of  the  car 
is  formed  by  dropping  down  the  ceiling  about  4  in.  from  the  roof 
framing  and  is  continuous  from  end  to  end  of  the  car  body.  Com- 
munication between  the  car  interior  and  the  exhaust  chamber  is 
provided  by  a  number  of  openings,  each  containing  a  circular  ad- 
justable register.  By  proper  adjustment  of  the  registers  a  uniform 
velocity  of  air  through  all  of  them  is  obtained.  There  are  several 
intakes,  half  being  located  on  each  side  of  the  car  under  the 
seats  in  such  a  manner  as  to  be  readily  connected  to  the  electric 
heaters.  The  connection  between  the  screened  opening  through 
the  car  floor  and  the  electric  heater  is  made  with  a  pressed  metal 
duct.  The  size  and  number  of  the  intakes  is  such  as  to  permit  of 
a  maximum  velocity  of  the  air  of  about  400  ft.  per  minute,  which 
is  hardly  perceptible  to  passengers. 

Automatic  System  of  Ventilation.  The  automatic  systems  in- 
stalled are  of  several  different  kinds,  but  all  depend  upon  aspirator 
action  for  their  operation.  One  of  these  automatic  systems  which 
has  shown  fair  results  comprises  a  number  of  exhausters  located 
along  each  side  of  the  monitor  roof  and  attached  to  panels  placed  in 
the  monitor  or  deck  window  openings.  An  opening  in  the  panel 
commimicates  with  the  exhauster.  These  exhausters  are  also  de- 
signed for  use  with  plain  arch  roof  cars.  Intakes  similar  to  those 
described  in  connection  with  the  mechanical  system  are  located  in 
the  floor  and  provide  a  supply  of  fresh  air.  The  exhausters  are 
rectangular  sheet-metal  boxes  projecting  outwardly  from  the  panels 
to  which  they  are  secured,  having  openings  top  and  bottom,  and 
provided  on  the  middle  of  each  side  face  with  V-shaged  projections. 
The  V  projections  are  placed  horizontally  on  the  faces  of  the  ex- 
hausters and  split  the  air  into  two  streams,  one  following  upward 
and  the  other  downward.  The  air  streams  flow  past  the  openings 
of  the  exhauster  and  by  induction  draw  the  air  out  from  the  car. 

Location  of  Air  Intake.  There  is  a  tendency  to  abandon  intakes 
near  the  floor  line  owing  to  street  dust.  On  a  number  of  European 
lines,  notably  the  Budapest  suburban  system,  louver  type  ventilators 
are  installed  over  the  side  sash  instead  of  using  a  monitor  roof. 

Tests  on  Ventilating  Systems.  On  Feb.  4  and  5,  1908, 
a  test  was  made  on  five  cars  of  the  Springfield  (Mass.)  Rail- 
way, three  cars  being  equipped  with  the  ordinary  deck  sash 
and  two  with  a  self-acting  intake  and  exhaust  system.  The 
outside  temperatiu:e§  during  the  test  ranged  from  10  deg.  to 
24  deg.  F.  and  averaged  about  17  deg.  F.  Anemometer  read- 
ings on  the  ventflated  cars  showed  intakes  of  from  300  lin. 
ft.  to  900  lin.  ft.  of  air  per  minute,  with  exhausts  a  little  lower. 
Calibrated  thermometers  were  hung  at  various  levels  in  the  cars 
and  runs  were  made  in  both  ventilated  and  unventilated  cars 
during  approximately  the  same  hours  of  the  day  and  under  similar 
service  conditions.    In  the  ventilated  cars,  sixty-one  thermometer 
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readings  were  taken,  and  on  the  unventilated  cars,  fifty-three  read- 
ings were  taken  with  all  deck  sash  closed,  and  seventeen  with  four 
deck  sash  open.  The  following  is  a  comparative  statement  of  all 
thermometer  readings  which  were  taken  in  both  types  of  caxs: 


Ventilated  cars 


Unventilated  cars 


Average  temperature,  all  readings... 

Average  temperature,  at  rack 

Average  temperature,  at  seat 

Average  temperature,  at  floor 

Average  temperature,  at  vestibule. . 


55  deg. 

56  deg. 
55 H  deg. 
SI  deg. 
16  deg. 


49H  deg. 
SO  deg. 
A9H  deg. 
43  deg. 
17^  deg. 
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000  Yolt  Goxmectiong 
Fig.  44. — Minor  circuits  on  high  voltage  D.C.  system. 

Several  years  ago  the  city  of  Chicago,  through  its  health  depart- 
ment, demanded  that  the  street  railways  of  that  city  should  provide 
proper  ventilation  in  their  cars,  to  which  the  railways  agreed,  with 
the  proviso  that  the  type  of  ventilating  apparatus  to  be  used  must 
first  be  determined  by  the  health  board.  Br.  Evans,  chief  of  the 
health  department,  invited  the  various  car  ventilator  manufacturers 
to  furnish  equipments  of  their  devices  for  test  purposes,  stipulating, 
however,  that  the  air  intake  must  be  at  the  floor  line,  over  duct- 
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covered  electric  heaters,  and  exhaust  at  the  monitor.  He  further 
specified  that  the  intake  devices  must  provide  a  minimum  of  28,000 
cu.  ft.  of  air  per  hour  when  cars  were  standing  still  or  moving  slowly 
in  the  Loop  district.  Under  these  specifications,  a  record  was  made 
by  a  self-acting  system  of  from  25,000  cu.  ft.  to  58,000  cu.  ft. 
of  floor  intake  and  26,000  cu.  ft.  to  62,000  cu.  ft.  monitor  exhaust. 

Heating  and  Lighting  Circuits.  The  location  of  heaters,  lights 
and  other  minor  electrical  devices  will  vary  with  the  general  design 
of  individual  cars  and  to  meet  local  requirements,  and  it  is  not 
possible,  therefore,  to  make  any  general  statement  which  will  apply 
to  all  cases.  However,  Fig.  43,  which  shows  the  wiring  of  minor 
circuits  as  installed  by  the  Capital  Traction  Company,  is  given  as  a 
good  illustration  of  a  wiring  diagram  for  such  circuits. 

Operation  of  Minor  Circuits  with  High  Voltage  Direct-current 
Systems.  With  high  voltage  direct-current  systems  it  is  necessary 
to  secure  reduced  voltage  for  the  control  circuits,  lights,  air  com- 
pressors, etc.  A  common  method  of  accomplishing  this  end  is  by 
the  use  of  a  dynamotor,  the  conn  ections  for  which  are  shown  in 
Fig.  44  (see  also  Fig.  29,  p.  515).  It  is  essentially  a  compound- 
wound  motor,  having  two  independent  armature  windings,  each 
connected  to  its  own  commutator,  a  shunt  field  being  added  for 
light  loads.  The  operation  is  the  same  as  two  motors  in  series  and 
on  1500  volts  sufficient  current  is  drawn  from  the  connection  be- 
tween the  two  motors  to  feed  lights  and'control  circuits  at  756  volts. 
One  end  of  the  shaft  extends  to  a  clutch  through  which  connection 
is  made  to  4;he  air  compressor,  and  the  compressor  is  operated  in- 
termittently through  the  opening  and  closing  of  the  clutch  under  the 
action  of  the  governor.  Where  600-volt  operation  is  also  required, 
a  change-over  switch  is  utilized  to  transform  the  dynamotor  into 
a  motor  with  only  one  armature  winding  in  circuit,  as  shown  in 
Fi^.-44. 

Car  Lighting.  Electric  car  lighting,  formerly  exclusively  by  means 
of  the  carbon  filament  lamp,  has  recently  been*  made  much  more 
economical  by  the  use  of  the  tungsten  lamp,  which  gives  an  efficiency 
of  1 .  25  watts  per  candle-power  and  has  a  useful  life  equal  to  or  greater 
than  that  of  the  carbon  lamp.  On  account  of  its  resistance  char- 
acteristics, the  tungsten  filament  is  much  less  susceptible  to  changes 
in  candle-power  with  varying  vottage  than  the  carbon,  so  that  it 
will  stand  a  higher  overvoltage  than  the  latter,  and  will  also  give  a 
fair  illumination  at  low  voltage  under  which  the  carbon  lamp  gives 
practiqally  no  Hght.  Tests  made  by  the  Bay  State  Street  Railway 
(Elec.  Ry.  Jour.,  1912-1913)  indicate  the  economy  of  using  a  small 
number  of  large  tungsten  units  rather  than  a  large  number  of  small 
units,  as  was  the  almost  universal  practice  with  carbon  lamps. 
.The  first  table  on  page  574  shows  the  comparative  values  of  the 
intensity  of  illumination  in  various  parts  of  the  car  with  various 
combinations  of  tungsten  and  carbon  lamps  (191 2  tests). 

Later  tests,  comparing  one  car  eqtiipped  with  ten  56-watt  tung- 
sten lamps  with  holopluine  reflectors,  and  the  other  with  twenty- 
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28-ft.  cars 


Car 

No.  1407, 

6  6(>-watt 

Mazdas, 

ft.-candles 


Car 

No.  1400, 

16  64- watt 

caroons, 

ft.-candles 


34-ft.    cars 


Car 

No.  1331, 

6  6o-watt 

Mazdas, 

ft.-candles 


Car 

No.  1324. 

a  I  6^- watt 

carDons, 

ft.-candles 


Platform: 

Maximum 

Minimum 

Average 

Center  Ime  car  body: 

Maximum 

Minimum 

Average 

End  seats: 

Maximum 

Minimum 

Average 

Inboard  edge  cross  seats: 

Maximum 

Minimum 

Average 

Outboard  edge  cross  seats: 

Maximum 

Minimum 

Average 

Average  for  whole  car. 


3.5 

2.3 
2.9 

S-7 
2.8 
4.0 

3.6 
I.O 

2.3 

4.8 

35 
4-4 

55 
3-3 


i.o 

o.S 
0.8 

2.9 
1.4 
2.2 

2.4 
1.9 
2.2 

3.9 
2.1 

2.7 

3.1 
1.9 
2.6 
2.1 


2.S 

I.I 

a. I 

4.4 
2.0 

2.9 

3.4 
2.1 
2.8 


3 

I. 

2. 

2 

I 

a 


4 
,8 

3 

8 
5 

,0 


2.4 


2.3 
1.6 
a.o 

3.^ 

2.1 

2.9 

3.0 
2.1 
2.5 


2 
I 

a. 

a. 
I. 

a. 
a. 


■  9 

.9 

4 

.7 
7 

,2 

4 


five  64-watt  carbon  lamps,  also  show  the  intensity  of  illumination 
3  ft.  from  the  floor,  as  follows: 


Carbon 
car 


Mazda 
car 


Average  foot-candle  intensity  along  center  line  of  aisle 
Average  foot-candle  intensity  half  way  to  window  sills 

Average  foot-candle  intensity  along  window  sills 

Average  foot-candle  intensitv  Across  forward  platform 

(platform  lamps  extinguished). 
Average  foot-candle  intensity  across  rear  platform 

(platform  lamps  lighted). 

Total  wattage  on  car 

Wattage  in  car  body 

Effective  lumens  per  watt  in  car  body 

Efficiency  of  light  utilization,  per  cent 


1.70 
1.46 
1.26 
1.28 

1. 6a 

1600.00 
1280.00 
0.41 
15.8 


3.91 
3. IS 
a.  14 
1.3a 

3.03 

560.00 
336.00 

2.37 
31.2 


Wattagb  Required  to  Produce  an  Average  Intensity  op  3.75  Foot- 
Candlbs  at  Approximately  36  In.  prom  Car  Floor,  under  Normal 
Voltage  Conditions.    (A.E.R.EA.  Committee  on  Equipment,  1914) 


Equipment 


Length  of  car  body 


25  ft. 


30  ft. 


35  it,    40  ft. 


4Sft. 


50  ft 


Bare  carbon  lamps 

Bare  Mazda  lamps 

Light  density  opal  reflectors 

with  Mazda  lamps. 
Medium  density  opal  reflectors 

with  Mazda  lamps. 
Heavy  density  opal  reflectors 

with  Mazda  lamps. 
Prismatic  clear  reflectors  with 

Mazda  lamps. 


1,700 
52s 
340 

290 

240 

235 


2,050 
630 
40S 

345 
285 
280 


2.390 

73S 
475 

405 

330 

325 


2.730 
840 
540 

460 

385 

375 


3.070 

94S 
610 

520 

430 

420 


3.410 

i.oso 

675 

.  580 

475 
470 


CAR  LIGHTING 
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Si  SB  AND  Number  of  Lamps,  and  Types  of  Reflectors  Required  to  Pro- 
duce A  Minimum  Intensity  of  3.7S  Poot-Candles  at  Approximately 
36  In.  from  Car  Floor,  at  Rated  Voltage,  for  Various  Lengths 
OF  Car  Bodies.    (A.E.R.EA.  Committee  on  Equipment,  1914) 


Lamps 


No.  of 

units  in 

body 

of  car 


Kind 


Length  of  car  body 

■ 


25  ft. 


30  ft. 


35  ft. 


40  ft. 


45  ft. 


50  ft. 


10 


15 


20 


25 


64-watt 
23-watt 
36-watt 

56- watt 
94-watt 


carbon. 
Mazda. 
Mazda. 


Mazda. 
Mazda. 


64-watt  carbon. 


23-watt 
36-watt 


Mazda. 
Mazda. 


56- watt  Mazda. 


94-watt 

64-watt 
23-watt 


Mazda. 

carbon. 
Mazda. 


36-watt  Mazda. 


56-watt  Mazda. 


04-watt 
64-watt 


Mazda, 
carbon. 


23-watt  Mazda. 


36-watt  Mazda. 


56-watt 
64-watt 


Mazda, 
carbon. 


23-watt  Mazda. 


36-watt 

56-watt 


Mazda. 
Mazda. 


Not 


Prism 
H.  opal 
M.opal 
L.  opal 


Prism 
H.  opal 
M.opal 
L.  opal 


sufficie 


nt  watt 


Prism    I 
H.  opal  * 
M.opal 
L.  opal 


Not 


Prism 
H.  opal 
M.opal 
L.  opal 


I 


Bare 


Prism 
H.  opal 
M.opal 
L.  opal 


Bare 


Prism 
H.  opal 
M.opal 

L.  opal 


Bare 


Bare 


Prism 
H.  opal 
M.opal 
L.  opal 


Bare 


Prism 
H.  opal 
M.opal 
L.  opal 
Bare 
lamp 


Not 


Prism 
H.  opal 
M.opal 
L.  opal 


Prism 
H.  opal 
M.opal 
sufficie 


age 


Too  wid 


Prism 
H.  opal 
M.opal 
nt  watt 


Prism 
H.  opal 

M.opal 
L.  opal 


Bare 


Prism 
H.  opal 
M.opal 
L.  opal 


age. 


Bare 


Prism 
H.  opal 
M.opal 


«.  opal 


Prism 
H.  opal 


M.opal 
L.  opal 


Not  su 


Bare 

sufficie 


Prism 
H.  opal 
M.opal 


Bare 


L.  opal 


Bare 


Not 


Prism 
H.  opal 
M.opal 
L.  opal 


Bare 


Bare 
sufficie 


Prism 
H.  opal 
M.opal 
L.  opal 


Bare 


Prism 
H.  opal 
M.opal 
L.  opal 


fficient 


Bare 


Prism 
H.  opal 
M.opal 

iL.  opal 


nt  watt 


Prism 
H.  opal 
M.opal 


L.  opal 


Bare 

nt  watt 


Prsim 
H.  opal 
M.opal 
L.  opal 


Bare 

age. . 


e  space 


Prism 
H.  opal 


M.  opal 
L.  opal 


wattage 
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L.  opal 
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age.. 
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IL.  opal 
Bare 


Prism 
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Bare 
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Fig.  45  shows  the  comparative  light  distribution  from  bare  lamps 
and  lamps  with  reflectors. 

The  Committee  on  Equipment,  A.E.R.E.A.,  1914,  stated  that 
the  minimum  acceptable  intensity  of  car  illumination  is  1.5  foot- 
candles,  and  in  order  to 

'  provide  for  a  voltage  drop 
to  approximately  80  per 

'   cent,    normal,     the    car 

.  lighting  system  should  be 
so  designed  as  to  give  an 

■  average  intensity  of  illu- 
mination of  at  least  3.7s 
foot-candles  at  normal 
voltage  in  a  plane  36  in, 
above  the  floor. 

Storage  Battery  Lift- 
ing. EspedaUy  on  in- 
terurban  lines  with  long 
headways,  economy  some- 
times <hctates  the  use  of 
less  feeder  copper  than 
will  maintain  a  voltage 
which  is  at  all  times  satis- 
factory for  car  lighting. 
In  order  to  obviate  the 
annoying    effect   of  a 

Ihll>dl!ii>Eiiri.npn«i,uaiiulI,uIg.bnibia  cHaHge      ID.      iUtCn^ty       ol 

yim'uin"^'"m  illumination    caused    by 

iiiiiiiiii""|iii|itii'  iiiin[i»mfc  LI  II  iiii»ii  such  fluctuations,  t}ie 

F.G.  4S.-l.iaht  difitribution-TungsMo  lamp  Lehigh     VaUey      Transit 
with  and  without  reflector.  Company  has  equipped  1 

number  of  interurban 
cars  with  ten  cells  ot  A-6  Edison  storage  batteries  arranged  in  tfl'O 
trays  of  five  each,  each  tray  weighing  slightly  under  100  lb.  This 
battery  gives  on  discharge  240  ampere  hours.  The  cars  are 
equipped  with  twenty  20-watt,  i6-c.p.,  u-volt  tungsten  lamps  witli 
holophane  reflectors.  The  lamps  are  wired  in  multiple  and  con- 
nected to  the  battery  through  an  ampere-hour  meter  which  is  com- 
pensated to  run  20  per  cent,  slower  on  charge  than  on  discharge  and 
with  a  pointer  showing  the  limiting  capacity  of  the  battery.  The 
battery  and  ampere-hour  meter  are  arrai^ed  to  be  removable  (ot 
charging,  which  is  done  by  a  small  motor  generator  set  giving  jo 
amperes  at  125  volts,  which  is  setu^  in  one  corner  of  the  car  house 
and  which  chaises  six  sets  of  batteries  at  one  time.  The  batteries 
are  pulled  out  of  their  compartment  under  the  car  onto  a  small  truck 
when  the  cars  turn  in  at  the  car  house  on  the  last  trip  at  night,'  and 
the  sets  are  all  placed  in  series  for  charging  and  cut  out  one  at  a 
time  as  they  come  fully  up  to  the  charge,  which  is  determined  by 
the  individual  ampere-hour  meter.  The  twenty  so-watt  lamps  on 
each  car  require  approximately  33  amperes  and  the  batteries  will 
deUver  that  current  for  JH  to  8  hours  continuously,  which  meels 
the  requirements  for  one  day's  run.     The  initial  voltage  ot  the  tea 
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Edison  cells  is  about  13  volts  at  the  beginning  of  discharge  which 
gradually  drops  to  10  volts  at  the  end  of  the  discharge,  and  it 
is  stated  that  there  is  not  a  sufficient  variation  in  the  candle- 
power  of  the  lamps  to  be  appreciated  without  the  aid  of  a  pho- 
tometer.  It  is  stated  that  the  batteries  give  no  more  trouble  in 
handling  and  charging  than  the  ordinary  arc  headlight  and  that  the 
system  produces  an  absolute  direct  lighting  system  in  the  cars 
unaffected  by  the  variation  in  or  even  entire  failure  of  the  power 
supply.  Although  the  charging  is  somewhat  inefficient,  the  total 
energy  consumption  includiitg  all  losses  is  still  considerably  less 
than  with  the  ordinary  carbon  lamp  equipment.  The  expense  of 
installation  is  given  as  only  slightly  in  excess  of  $200  per  car. 

Electric  Lighting  of  Train  Marker  Lamps.  As  it  is  absolutely 
essential  that  train  marker  lamps  remain  lighted  even  during  a  pe- 
riod of  temporary  failure  of  power  supply,  there 
has  been  some  hesitancy  on  the  part  of  electric 
railways  in  departing  from  the  oil-burning  lamp 
for  this  piupose.  When  electric  lamps  are  used,  & 
some  method  should  be  provided  for  maintain-  j< 
ing  the  light  during  such  periods  of  failure  of  |( 
power  supply,  and  this  is  generally  done  by  some  gt 
arrangement  of  storage  battery.    A  scheme,  as 

used  by  the  Terre  Haute,  Indianapolis  &  Eastern  

Traction  Company,  is  shown  diagrammaticaUy  6— T    ' 

by  Fig.  46.  A  7- volt  storage  battery  is  used  in  marker  famp  vSr" 
series  with  four  no- volt,  i6-c.p.  lamps  and  a  re-  ing,  Indianapolis. 
lay  in  the  light  circuit  opens  an  auxiliary  circuit 
which  consists  of  four  7-volt,  4-c.p.  lamps  connected  in  parallel  and 
operating  in  series  with  the  storage  battery  when  the  trolley  current 
is  off.  One  iio-volt  lamp  and  one  7-volt  lamp  are  installed  in  each 
marker. 

Motor  Bus  Operation. — No  tramways  are  allowed  within  the  large 
centnd  area  of  London,  where  a  large  majority  of  the  streets  are 
short,  narrow  and  crooked,  it  being  maintained  that  the  omnibus  is 
better  adapted  to  operate  in  this  congested  portion  of  the  city  than 
is  the  tramway.  The  motor  bus,  which  has  the  exclusive  right  on 
the  surface  within  this  central  area,  is  not  prohibited  from  operating 
in  the  territory  of  the  tramways  and  is  thereby  able  to  give  more 
complete  service  than  the  tramway.  In  London  omnibuses  are 
popular  as  a  means  of  travel;  they  have  a  monopoly  of  the  best 
traffic  district;  they  charge  a  slightly  higher  fare  than  the  street 
railways;  they  do  not  furnish  all-night  service;  they  contribute 
nothing  toward  paving  maintenance  or  street  improvements;  and 
they  require  small  capital  account  in  comparison  with  earnings,  and 
can  operate  profitably  on  a  small  margin  above  operating  costs. 
Because  of  these  facts,  they  are  severe  competitors  of  the  tramways 
in  London.  In  Paris  there  is  no  competition  between  the  surface 
lines  and  the  omnibuses,  as  both  systems  are  operated  by  one  com- 
pany under  exclusive  rights,  each  supplementing  the  other,  and  the 
two  may  be  considered  as  one  system.  There  are  three  distinct 
types  of  vehicles  in  use:  Those  operated  directly  by  gasoline  engine; 
those  operated  by  steam,  with  kerosene  oil  as  fuel;  and  those  oper- 
37 
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ated  by  gasoline  engine  driving  a  dynamo,  operating  an  electric 
motor  which  drives  the  rear  axle  by  means  of  a  worm  gear. 

Cost  of  Motor  Bus  Operation.  Thomas  Tillings,  Ltd.,  London, 
gives  the  following  figures  as  to  the  cost  per  rmle  of  running  its 
type  of  cars  1,387,031  miles  in  1912: 

Running  and  maintenance 2 . 326  cents. 

Tires 2 .  210  cents. 

Drivers ■ 2 .  s  14  cents. 

Gasoline   (including  tax  of  3  cents  per  gal.), 

lubricating  oil,  grease  and  paraffii} .  2 .  394  cents. 

Vehicle  lighting o.  150  cents. 

Rents,  rates,  taxes,    garage,    lighting,  water, 

trade  vehicles,  depreciation i .  972  cents. 

Conductors i .  694  cents. 

Body  upkeep o. 470  cents. 

Traffic  expenses o. 534  cents. 

Total  cost  per  mile 14. 264  cents. 

Figures  given  by  the  Paris  company  are  as  follows: 

M^ntenance  of  chassis 4.022  cents. 

Maintenance  of  bodies 0.92S  cents'. 

Maintenance  of  tires 3.714  cents. 

Brushing  and  cleaning,  and  lighting  and  heating 

of  vehicles o. 821  cents. 

Fuel,  including  the  city  toll  thereon 6 .  574  cents. 

Oil,  grease  and  waste 0.650  cents. 

Machinist ; 3 .  094  cents. 

Expenses  at  the  depots  (supervision,  lighting, 

motive  power,  tolls,  shippers,  etc.) 1.857  cents. 

Average  cost  per  mile 21 .  660  cents. 

The  Paris  figures  do  not  include  reserve  funds  for  renewals,  nor 
expenses  of  actual  operation  (conductors,  drivers,  inspectors,  etc.), 
nor  general  expenses  (administration,  insurance,  accidents,  taxes, 
franchise  payments,  maintenance  of  buildings,  etc.). 

The  annual  report  of  the  Fifth  Avenue  Coach  Co.  (New  York) 
submitted  to  the  Public  Service  Commission  for  the  First  District, 
covering  the  operations  of  that  company  during  the  year  ending 
June  30, 191 2,  states  that  there  were  in  operation  eighty-one  vehicles 
during  the  year,  which  were  operated  a  distance  of  1,440,841  miles. 
Using  this  mileage  and  the  items  of  operating  expense  given  therein 
as  a  basis,  the  average  cost  of  operation  per  mile  was  computed 
with  results  as  follows: 

Maintenance,  buildings  and  fixtures 0.03$  cents. 

Tires 3.132  cents. 

Maintenance,  equipment 7  •  208  cents. 

Conducting  transportation 17  •  56s  cents. 

Damages  and  injuries 3  •  042  cents. 

General  expenses 2 .  308  cents. 

Total  operating  expenses  per  mile 33. 290  cents. 

Depreciation  of  vehicle  •  equipment,  figures  at 

the  monthly  rate  of  He  of  total  cost S-3ii  cents. 

Taxes 2 .  697  cents. 

Total  cost  per  mile,  including  deprecia- 
tion and  taxes 41 .  298  cents. 

The  cost  figures  as  given  above  for  London  and  Paris  are  only 
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approximate  and  practically  of  no  use  in  estimating  the^cost  of 
operation  in  New  York  and  other  American  cities.  The  cost  of 
labor,  particularly  skilled  mechanical  labor,  is  a  great  deal  less  in 
those  cities  than  in  New  York,  and  some  advantages  may  also  be 
obtained  in  the  original  cost  of  a  well-constructed  vehicle  as  well  as  in 
the  upkeep.  Different  types  of  vehicles  are  operated  in  each  city, 
and  this,  no  doubt,  has  also  a  large  bearing  on  the  operating  cost  per 
mile.  The  vehicle  used  in  Paris  is  much  heavier  than  the  London 
type,  though  the  capacity  is  about  the  same  or  less,  while  in  New 
York  there  are  various  types  of  vehicles  including  some  which  have 
a  much  larger  capacity  than  those  of  either  London  or  Paris  and 
of  a  greater  weight.  This  probably  would  not,  however,  account 
wholly  for  the  greater  difference  in  cost  of  operation  over  that  of 
London  and  Paris. 

Electric  Locomotives 

TV^es  of  Electric  Locomotives.  Figs.  48  to  71,  inclusive,  show 
diagrammatically  the  outlines  and  arrangement  of  motors  and 
driving  apparatus  for  twenty-four  types  of  electric  locomotives  at 
present  in  service,  all  except  Fig.  71  being  taken  from  Mr.  F. 
Lydall's  paper  before  the  I.E.E.,  1913. 

Geariess  Type  Armature  on  Ajde.  The  New  York  Central 
"6000"  class  of  electric  locomotive  is  well  illustrative  of  this  type, 
where  the  armature  is  mounted  directly  on  the  axle  and  the  motor 
field  is  built  into  the  truck  frame  so  as  to  do  away  with  all  motor 
bearings.  This  type  has  a  very  low  center  of  gravity  so  that  it  is 
quick  to  feel  the  irregularities  of  the  track.  (See  Fig.  87,  page  3  25, 
also  Fig.  56,  page  584.) 

Geariess  Type  Armature  on  Quill  Surrounding  Axle.  In  this 
type  the  entire  motor  is  mounted  on  a  quill  surrounding  the  axle 
and  spring-suspended  from  the  wheels.  This  type  also  huEis  a  very 
low  center  of  gravity,  although  the  entire  weight  of  the  motor  is 
spring-supported  so  that  the  track  does  not  get  a  direct  blow.  The 
New  Haven  locomotives  are  illustrative  of  this  type.  (See  Fig.  88, 
page  326,  also  Fig.  57,  page  584.) 

MottMis  Geared  to  Ailes.  The  later  New  Haven  locomotives  are 
illustrative  of  this  type.  The  motors  are  mounted  rigidly  on  the 
trucks  and  geared  down  to  quills  spring-supported  and  surround- 
ing the  axles.  'The  connection  .  between  the  quills  and  driving 
wheel  is  by  means  of  long  heUcal  springs  which  permit  the  axles 
and  journal  boxes  to  move  a  total  vertical  distance  of  3  in.  in  the 
pedestal  jaws  without  the  quiUs  touching  the  axles.  This  type  of 
locomotive  has  been  built  both' with  a  single  motor  per  axle  and 
with  twin  motors  <rf  the  same  total  capacity  per  axle,  the  latter 
construction  making  possible  the  same  output  with  less  weight  and 
cost.  Both  motors  drive  the  same  gear,  and  on  the  New  Haven 
single-phase  system  the  two  motors  on  each  axle  are  connected 
permanently  in  seriesj  which  reduces  the  carrying  requirements  of 
cables  and  switches  and  makes  a  saving  in  control  equipment. 
(See  Figs.  89,  90,  91,  page  326;  Fig.  99,  page  329,  also  Figs.  52, 
and  53,  page  584.) 
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MotodTS  Connected  to  Driving  Wheels  by  Parallel  Rods.    The 

locomotives  in  use  by  the  Pennsylvania  Raflroad  in  the  New  York 
terminal  electrification  are  illustrative  of  this  type,  in  which  the 
motors  are  mounted  high  up  in  the  cab  and  connected  to  drive 
wheels  through  cranks,  parallel  rods  and  jack-shafts.  Neutral  zone 
i&  reduced  to  almost  nothing  by  the  combined  action  of  the  motor 
rods  and  driving  wheel  rods  set  at  an  angle  of  about  45  deg.  from 
each  other.     (See  Fig.  92,  page  326,  also  Figs.  60  to  70,  pages  584, 

585.) 

Scotch  Yoke  Transmission.  This  type  has  been  used  exclusively 
for  the  three-phase  locomotives  on  the  Italian  State  Railwajrs.  It 
employs  a  Scotch  yoke  for  transmitting  power  from  the  motors  to 
the  driving  axles.  The  yoke  drives  one  axle- through  a  sliding  block 
and  the  others  through  parallel  rods  connected  to  the  yoke  by 
knuckle  pins.  Spherical  cranks  and  knuckle  pins  are  largely  used 
with  this  type  of  drive.    (See  Fig.  95,  page  327,  also  Fig.  58,  page 

584.) 
Combination  of  Gears  and  Side  Rods  or  Scotdi  Yokes.    The 

locomotives  for  the  Loetschberg  Tunnel  in  Switzerland  have  two 
motors  each  connected  by  a  hehcal  tooth  gear  to  a  jack-shaft 
sUghtly  above  the  driving  axles  and  thence  by  parallel  rods  to  three 
pairs  of  driving  wheels.  The  duty  on  the  jack-shaft  bearings  is  much 
easier  than  when  side  rods  only  are  used,  since  the  reciprocating 
pressures  are  practically  all  in  a  horizontal  direction  and  can  there- 
fore readily  be  cared  for.  (See  Fig.  55,  page  584,  and  Fig.  71,  page 
586.)  The  locomotive  for  the  Midi  Railway  in  France  has  two 
motors  each  geared  to  a  jack-shaft  through  gears  located  outside 
the  plate  frames  of  the  locomotives.  The  jack-shafts  are  con- 
nected to  the  drive  wheels  through  Scotch  yokes  similar  to  the 
Italian  locomotive.     (See  Fig.  96,  page  327,) 

General  Data  on  Electric  Locomotives.  The  tables  which  are 
reproduced  herewith  (pages  581  and  582)  from  Mr.  George  Westing- 
house's  paper  on  "The  Efficiency  of  Railways"  give  gener^  data 
on  ten  different  types  of  locomotives  of  American  design  for  pas- 
senger service  and  for  combined  passenger  and  freight  service,  and 
include  electric  locomotives  for  direct  current,  single-phase  and 
three-phase  alternating  current  and  others  adapted  for  operation 
on  eitner  single-phase  alternating  current  or  direct  current. 

Tractive  Effort  of  Various  Classes  of  Locomotives.  Fig.  47, 
reproduced  from  a  paper  by  H.  Parodi  before  the  Societe  Inter- 
nationale des  Electriciens  in  Paris,  1913,  shows  the  draw-bar  pull  at 
various  speeds  of  different  classes  of  steam  and  electric  locomotives. 
This  curve  not  only  brings  out  the  tractive  effort  characteristic  of 
the  steam  and  electric  locomotive  but  also  shows  the  characteristic 
of  the  direct-current,  single-phase  and  three-phase  locomotive. 

Mechanical  Characteristics.  The  mechanical  design  of  any 
locomotive  requires  that  there  must  be  strength  in  all  parts  suffi- 
cient for  the  maximum  service;  the  locomotive  must  be  adaptable 
to  the  desired  speed;  it  must  suit  the  ciuves  over  which  it  is  to 
operate;  and  it  must  have  wearing  characteristics  for  continuous 
service  to  reduce  the  wear  and  tear  to  an  operative  amount.  From 
the  performance  of  actual  locomotives  it  seems  reasonable  to  con- 


E 

LECTRIC  LOCOMOTIVES                       581 

if"^  Hi  r  1  |i 

h 

|: 

t'llillli 

i! 
p 

1  : 

1^ 

al 

if^llllllH 

J 

B: 

Q 

! 

J 

g 

1 

ELECTRIC  RAILWAY  HANDBOOK 


|l|"l  i||||||  |s|i  I  s 


iiiiis  a  Vi  i  J"" 


§  i 


.||„. 


;5||g|§  uSi||  s 


LOCOMOTIVE  DESIGN 


583 


elude  that,  other  things  being  equal,  the  higher  the  center  of  eravity , 
within  the  limits  of  safe  operation,  the  better  will  be  the  high-speed 
tracking  characteristic  of  the  locomotive.  It  is  not  conservative, 
however,  to  assume  that  high  center  of  gravity  is  the  only  method  of 
attaining  good  tracking  qualities.  The  essential  feature  is  that  the 
main  mass  of  the  locomotive  follow  the  general  direction  of  the 
track,  and  that  the  minimum  of  mass  follow  the  slight  rail  irregu- 
larities.   Any  feature  tending  to  this  end  should  receive  most  thor- 
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Speed  in  Mtles  per  Hour. 
Pig.  47.T— Comparative  draw-bar  pull,  steam  and  electric  locomotives. 

ough  consideration,  and  should  be  condemned  only  when  it  is  evi- 
dent that  it  involves  features  so  serious  as  to  overshadow  the  desir- 
able qualities.  High  center  of  gravity  has  been  singled  out  because 
up  to  the  present  time  it  seems  to  be  the  feature  which  has  to  the 
greatest  extent  been  successful  in  actual  service. 

The  problem  of  weight  equalization  on  the  various  wheels  is 
closely  associated  with  the  choice  of  wheel  arrangement.  In  high- 
speed  steam  locomotives  for  single  end  operation  a  three-point 
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equalization,  with  one  point  leading  and  two  points  trailing,  is 
almost  universal.  It  is  obviously  a  mechanical  impossibility  to 
design  a  stable  locomotive  with  a  three-point  suspension  with  a 
single  point  on  each  end,  as  the  three  points  must  then  be  in  a 
straight  line.  Thus  in  double  end  operation  we  are  face  to  face 
with  one  of  three  things:  First,  running,  so  to  speak,  feathers  to  the 
front,  part  of  the  time;  second,  a  departure  from  the  three-point 
suspension;  third,  some  automatic  method  of  modifying  the  sus- 
pension so  that  a  single  point  will  always  lead  with  two  points 
trailing.  The  plate  steel  frame  seems  again  to  offer  possibili- 
ties, because  it  can  be  made  with  some  torsional  flexibility,  which 
will  tend  to  justify  a  four-f>oint  equalization.  In  Europe  many 
steam  locomotives  are  made  entirely  without  equalizing  levers,  the 
effect  of  equalization  being  seciured  by  a  rather  flexible  spring  over 
each  wheel,  which,  together  with  the  flexibility  of  the  plate  frames, 
seems  to  give  a  sufficient  equalization.  It  should  be  noted,  however, 
that  the  European  practice  is  r«,dically  different  from  our  American 
practice  in  many  features.  The  wheel  weights  and  the  track 
construction  vary  greatly,  while  the  inspection  and  adjustment  of 
machines  is  followed  very  much  more  closely  in  Europe   than 


Pig.  71. — Locomotive  drives,  Loetschberg  tunnel. 

in  this  country.  Some  of  the  prominent  American  builders  are 
advocating  a  departure  from  tne  three-point  suspension  in  the 
case  of  large  rigid  frame  electric  locomotives.  The  burden  of  the 
proof  evidently  rests  on  the  four-point  suspension,  as  the  steam  loco- 
motive has  proven  that  a  machine  with  a  three-pK>int  suspension 
and  high  center  of  gravity  will  run  at  high  speed  in  one  direction 
with  a  surprisingly  small  amount  of  injury  to  the  track. 

The  development  of  the  steam  locomotive  has  shown  that  as 
higher  speeds  were  reqxiired  it  became  necessary  to  increase  the 
diameter  of  the  driving  wheels.  This  increase  reduces  the  cost  of 
maintaining  both  the  rolling  stock  and  the  right  of  way.  The 
increase  in  speed  meant  a  corresponding  increase  in  power  with 
added  weight  and,  therefore,  greater  wheel  loads.  To  carry  this 
load  it  was  necessary  to  have  either  a  greater  contact  area  between 
the  wheel  and  the  rail,  such  as  is  secured  by  large  drivers,  or  else 
to  have  better  material  in  the  rails  and  the  tires.  Eventually  both 
improvements  were  adopted  and  it  should  be  noted  that  a  continual 
research  is  in  progress  looking  toward  the  production  of  still  better 
materials.  This  saving  of  the  track,  however,  was  in  a  measure  a 
secondary  consideration,  as  it  seems  to  be  impracticable  to  operate 
connecting  rods  at  more  than  400  r.p.m.  The  high  piston  speed 
involved  in  a  greater  number  of  revolutions  also  becomes  trouble- 
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some.  The  rough  and  ready  rule,  at  present  in  favor,  is  to  design 
the  driving  wheels  of  steam  locomotives  for  what  is  termed  "inch 
diameter  speed,"  which  means  a  locomotive  speed  of  a  mile  per 
hour  for  every  inch  diameter  of  the  driving  wheels. 

Only  one  marked  difference  in  brake  rigging  between  steam  and 
electric  locomotives  need  be  noted.  A  greater  brake-shoe  pressure 
upon  the  tires  is  necessary  in  the  electric  locomotive  than  in  the 
steam  locomotive  of  the  same  weight,  since  in  the  steam  locomotive 
most  of  the  stored  energy  in  the  moving  mass  is  energy  of  linear 
motion,  there  being  only  a  small  percentage  of  rotative  energy 
stored  in  the  wheels.  But  in  the  electric  locomotive,  especially  if 
equipped  with  powerful  geared  motors  with  a  large  gear  reduction, 
the  energy  of  rotation  is  a  surprisingly  large  percentage  of  the  total 
energy  stored  in  the  moving  mass,  and  the  friction  of  the  brake-shoes 
on  the  tires  must  dissipate  all  of  this  stored  energy. 


SECTION  X 
TRANSMISSION  AND  DISTRIBUTION 

Ccntact  Conductor,  A.IJS.E.  Standardization  Rules 

393  Contact  Conductors :  That  part  of  the  distribution  system 
other  than  the  traffic  rails,  which  is  in  immediate  electrical  contact 
with  the  circuits  of  the  cars  or  locomotives,  constitutes  the  contact 
conductors. 

394  Contact  Rail :    A  rigid  contact  conductor. 

395  Overhead  Contact  Rail  :  A  contact  rail  above  the  eleva- 
tion of  the  maximum  equipment  line. 

-  (The  contoor  iiviiich  embraces  cross-sections  of  all  rolling  stock  under  all 
normal  oi>erating  conditions.) 

396  Third  Rail:  A  contact  conductor  placed  at  either  side  of 
the  track,  the  contact  surface  of  which  is  a  few  inches  above  the 
level  of  the  top  of  the  track  raUs. 

397  Center  Contact  Rail:  A  contact  conductor  placed  be- 
tween the  track  rails,  having  its  contact  surface  above  the  ground 
level. 

398  Underground  Contact  Rail:  A  contact  conductor 
placed  beneath  the  ground  level. 

399  Gage  of  Third  Rail:  '  The  distance,  measured  paraUel  to 
the  plane  of  running  rails,  between  the  gage-line  of  the  nearer  track 
rail  and  the  inside  gage-line  of  the  contact  surface  of  the  third  rail. 

400  Elevation  of  Third  Rail:  The  elevation  of  the  contact 
surface  of  the  third  rail,  with  respect  to  the  plane  of  the  tops  of 
running  rails. 

401  Standard  Gage  of  Third  Rails:  The  gage  of  third  rails 
shall  be  not  less  than  26  in.  (66  cm.)  and  not  more  than  27  in. 
(68.6  cm.). 

402  Standard  Elevation  of  Third  Rails:  The  elevation  of 
third  rails  shall  be  not  less  than  2^  in.  (69  mm.)  and  not  more 
than  3^  in.  (89  mm.). 

403  Third  Rail  Protection  :  A  guard  for  the  purpose  of  pre- 
venting accidental  contact  with  the  third  rail. 

404  Trolley  Wire :  A  flexible  contact  conductor,  customarily 
supported  above  the  cars. 

405  Messenger  Wire  or  Cable :  A  wire  or  cable  running  along 
with  and  supporting  other  wires,  cables  or  contact  conductors. 

A  primary  messenger  is  directly  attached  to  the  supporting  sys- 
tem. A  secondary  messenger  is  intermediate  between  a  primary 
messenger  and  the  wires,  cables  or  contact  conductors. 

406  Classes  of  Coiistnictioii:  Overhead  trolley  construction 
will  be  classed  as  Direct  Suspension  and  Messenger  or  Catenary 
Suspension. 

589 
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407  Direct  Suspension:  All  forms  of  overhead  trolley  con- 
struction in  which  the  trolley  wires  are  attached,  by  insidatlng 
devices,  directly  to  the  main  supporting  system.  • 

408  Messenger  or  Catenary  Sv  spension  :  All  forms  of  over- 
head trolley  construction  in  which  the  trolley  wires  are  attached, 
by  suitable  devices,  to  one  or  more  messenger  cables,  which  in  turn 
may  be  carried  either  in  Simple  Catenary,  i.e.,  by  primary  messen- 
gers, or  in  CoTjipound  Catenary,  i.e.,  by  secondary  messengers. 

409  Supporting  Systems  shall  be  classed  as  follows: 

410  SiHPLE  Cross- SPAN  Systems:  Those  systems  having  at 
each  support  a  single  flexible  span  across  the  track  or  tracks. 

41  z  Messenger  Cross-span  Systems:  Those  systems  having 
at  each  support  two  or  more  flexible  spans  across  the  track  or 
tracks,  the  upper  span  carrying  part  or  all  of  the  vertical  load 
of  the  lower  span. 

412  Bracket  Systems  :  Those  systems  having  at  each  support 
an  arm  or  similar  rigid  member  supported  at  only  one  side  of  the 
track  or  tracks. 

413  Bridge  Systems  :  Those  systems  having  at  each  support  a 
rigid  member  supported  at  both  sides  of  the  track  or  tracks. 

414  Standard  Height  of  Trolley  Were  on  Street  and 
Interurb AN  Railways  :  It  is  recommended  that  supporting  struc- 
tures shall  be  of  such  height  thdt  the  lowest  point  of  the  trolley 
wire  shall  be  at  a  height  of  18  ft.  (5.5  m.)  above  the  top  of  rail 
under  conditions  of  maximum  sag,  unless  local  conditions  prevent. 
On  trackage  operating  electric  and  steam  road  equipment  and  at 
crossings  over  steam  roads,  it  is  recommended  that  the  trolley 
wire  shall  be  not  less  than  21  ft.  (6.4  m.)  above  the  top  of  rail, 
under  conditions  of  maximum  sag. 

Overhead  Trolley  Construction 

The  following  notes  on  overhead  trolley  construction  are  princi- 
pally taken  from  the  Recommended  Specifications  of  the  American 
Electric  Railway  Engineering  Association. 

Classes.  Overhead  trolley  construction  may  be  classed  as  (a) 
direct  suspension,  (6)  catenary  suspension.  Direct  suspension 
comprises  construction  in  which  the  troHey  wires  are  attached,  by 
suitable  devices,  directly  to  the  main  supporting  system.  Catenary 
suspension  comprises  construction  in  which  the  trolley  wires  are 
attached,  by  suitable  devices,  to  one  or  more  messenger  cables  which 
in  turn  are  carried  (a)  in  simple  catenary,  by  main  supjwrting 
system;  or  (ft)  in  compound  catenary,  by  secondary  messengers 
which  in  turn  are  carried  by  the  main  supporting  system. 

Supporting  systems  for  direct  or  catenary  suspension  may  be 
classed  as: 

(a)  Simple  span,  comprising  those  systems  having  at  each  point  of  sup- 
port a  single  flexible  member  attached  at  both  sides  of  the  track  or  tracks. 

(b)  Compound  span,  comprising  those  systems  having  at  each  point  of 
support  two  or  more  flexible  members  attached  at  both  sides  of  the  track 
or  tracks,  the  upper  member  carrying  x>art  or  all  of  thd  vertical  load  of  the 
lower  member. 

(c)  Bracket,  comprising  those  systems  having  at  each  point  of  support  an 
arm  or  similar  rigid  member  attached  at  one  side  only  of  the  track  or  tracks. 
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{d)  Bridge,  comprising  those  systems  having  at  each  point  of'siix>port  a 
rigid  member  attaj:hed  at  both  sides  of  the  track  or  tracks. 

Supporting  structures  are  the  devices  which  sustain  the  supix>rt- 
ing  system,  and  may  be  poles,  whether  of  wood,  steel,  or  concrete, 
towers,  buildings,  trees,  or  any  other  form  of  support,  together  with 
their  anchors,  guys,  braces  and  similar  reinforcing  attachments. 
The  type  of  supporting  structure  will  be  governed  largely  by  local 
conditions.  In  general,  natural  wood  (or  concrete)  poles  are  us^ 
for  all  interurban  construction  and  wherever  else  practicable;  steel 
poles  may  be  used  in  streets  if  so  desired;  sawed  poles  and  tree 
attachments  should  not  be  employed,  and  building  attachments 
should  be  used  only  when  local  authorities  compel  such  use,  in 
which  case  special  precautions  and  construction  will  be  necessary. 
(Seepage  294.) 

Pole  Frammg.  Before  setting,  wood  poles  should  be  roofed,  butts 
squared,  entire  pole  rough  shaved,  knots  smoothed,  gains  and  faces 
made,  and  roof,  gains  and.  faces  given  a  coat  of  preservative  or 
paint.  The  size,  number  and  location  of  holes,  faces  and  gains 
vary.  In  general:  holes,  unless  specifically  noted  otherwise, 
should  be  of  same  size  as  bolt  or  rod  for  which  intended.  Faces 
should  be  of  sufficient  area  and  of  proper  shape  to  receive  their  fit- 
tings, and  should  have  about  H  in.  margin  outside;  they  should  be 
slightly  hollowed  to  prevent  rocking  of  fitting.  Gains  should  be 
square  with  axis  of  pole,  H  in.  minimum  depth,  of  width  to  secure 
snug  fit  of  arm,  and  slightly  hollowed  to  prevent  rocking.  The 
roof  should  have  a  pitch  angle  of  45  deg.  and  should  be  either 
a  wedge  with  edge  parallel  to  line  when  pole  is  set,  or  a  cone. 

Pole  Clearances.  On  private  right  of  way  and  elsewhere  when 
practicable,  side  supports  should  be  set  with  a  minimum  clear  dis- 
tance of  7  ft.  6  in.  from  center  line  of  track  to  face  of  support  at  level  of 
top  of  rail,  and  center  supports  should  have  a  minimum  clearance 
of  7  ft.  from  center  of  track,  this  clearance  to  be  increased  if  neces- 
sary on  curves  to  aUow  for  rail  elevation  and  car  overhang.  Where 
curb  lines  are  established,  poles  should  be  set  just  behind  the*  curb 
itself  unless  local  ordinances  or  conditions  prescribe  other  location. 

Pole  Spacing.  Poles  on  tangents  should  be  normally  spaced  not 
less  than  90  ft.  and  not  more  than  no  ft.  apart.  Poles  on  curves 
should  be  set  as  nearly  as  practicable  in  accordance  with  the 
table  on  page  601. 

Pole  Setting — ^Depth  of  Holes.  Pole  holes  in  level  ground 
should  have  depths  as  follows: 

Depth  of  hole 

Length  of  pole  (feet)  In  rock  or  concrete  In  earth 

30  5  ft.  o  in.  6  ft.  o  in. 

35  5  ft.  6  in.  6  ft..:0  in. 

40  5  ft.  6  in.  6  ft.  *<$  in. 

45  6  ft.  o  in.  6  ft.  d  in. 

50  6  ft.  6  in.  7  ft.  o  in. 

55  6  ft.  6  in.  7  ft.  6  in. 

60  7  ft.  o  iti.  8  ft.  o  in. 

6s  7  ft.  o  in.  .8  ft.  6  in. 

70  7  ft.  o  in.  9  ft.  o  in. 

In  very  compact  soil  pole  holes  may  have  depths  intermediate 
between  those  for  same  lengths  in  rodt  or  concrete,  and  in  earth. 
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The  depth  of  a  hole  on  sloping  ground  should  be  measured  from  the 
lower  side  oF  the  hole;andinvery  steep  slopes  andin  loose  or  other- 
mse  doubtful  material  the  depth  should  be  increased  over  the 
standard  depth  by  an  amount  to  be  determined  for  each  case  on  the 
ground. 

Barrel  Holes.  In  material  which  caves  freely  one  or  more  bar- 
rels or  the  like  may  be  used  as  ca^ng,  and  driven  down  as  the 
material  is  dug  from  inside.  Such  barrels  or  casings  may  be  of 
wood  or  steel  and  should  be  of  sufficient  size  to  give  clear  tamping 
room  of  at  least  6  in.  around  the  pole  without  cutting  the  latter. 

Rake.  Wood  poles  with  brackets  should  in  general  have  a  rake 
from  the  track  of^6  in.  in  24  ft.;  steel  poles  with  brackets,  of  3  in.  in 
34  ft.  Wood  poles  with  span  should  have  a  rake  from  the  track  oE 
II  in.  in  34  ft.;  steel  poles  with  span  should  have  a  rake  from  track 
of  6  in.  in  14  ft.  When  the  strain  is  from  the  track,  as  with  poles 
on  the  inside  of  a  curve,  brace  poles  or  head  guys  should  be  used, 
and  standard  rake  maintuned.  Double  bracket  poles  should  be  set 
without  rake;  other  poles  between  tracks,  and  poles  under  outside 
jurisdiction  may  be  so  set  if  necessary  or  required. 

Keys.    AU   span  poles  as  well  as  bracket  poles  on  curves  of 
radius  less  than  340a  ft.,  and  such  other  poles  as  may  be  desig- 
nated because  of  unusual  load  conditions,  should  be  provided  with 
suitable  keys  of  wood,  stone,  or  concrete,  at  least  4  in.  thick  with  a 
cross-section  not  less  than  32  sq.  in.    One  key  2  ft.  long  should 
be  placed  on  edge  behind  the  pole 
at  the  bottom  of  the  hole;  the  other 
key  4  ft.  long  should  be  placed  on 
edge  in  front  of  the  pole  just  below 
the  surface  of  the  ground. 

Refilling  Holes.  In  setting  poles 
the  excavated  material,  if  suitable, 
should  be  replaced  in  thin,  even 
layers,  and  firmly  and  thoroughly 
tamp^,  not  more  than  one  shoveller 
serving  three  tampers,  until  the  hole 
b  completely  filled,  after  which  the 
earth  diould  be  well  packed  around 
the  pole  in  a  smaU  mound,  and  if  on 
a  slope  there  should  be  made  on 
the  lower  side,  a  berm  at  least  6  ft. 
wide  from  pole  'to  edge.  In  rock 
holes  the  broken  rock  should  be  used 
'  to  thoroughly  wedge  the  pole  in 
place.  Black  loam  and  similar  poor 
material  should  be  replaced  by  suit- 
able material.  Pio_  2.— Concrete  pole  setting. 

Concrete  Settii^.  Poles  subject 
to  heavy  lateral  strains  which  cannot  well  be  met  by  guying  or 
bracing  may  be  set  in  concrete  mined  wet  and  consisting  of  one 
part  Portland  cement,  three  parts  dean  sharp  sand,  and  five  parts 
good  hard  gravel  or  broken  stone  of  aze  to  pass  screen  with  holes 
3  in.  diameter,  and  to  be  retained  by  screen  with  boles  a  in. 
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diameter.  Concrete  settings  should  have  a  diameter  at  least  12 
in.  greater  than  that  of  the  pole,  and  should  completely  fill  pole 
hole  to  a  level  6  in.  below  surface  of  the  ground.  In  parking 
strips  the  authorities  may  require  the  concrete  to  fini^  at  this 
level,  but  such  latter  practice  is  undesirable.  Wherever  practicable 
the  concrete  should  be  finished  as  indicated  in  Fig.  2,  See  also 
page  781. 

Span  Wires  Attached  to  Buildings.  Building  owners  in  crowded 
districts  sometimes  prefer  to  have  span  wires  attached  to  their 
buildings  rather  than  to  have  poles  in  front  of  the  buildings.  Eye 
bolts  for  the  purpose  are  sometimes  placed  in  the  building  during 
construction.  As  a  means  of  suspension  such  an  arrangement  is 
satisfactory  but  it  must  be  borne  in  mind  that  it  subjects  the  building 
to  unusual  strains  and  the  wires  are  more  dangerous  in  case  of 
breakage  as  they  are  over  the  sidewalk  and  will  sweep  it  with  more 
force  than  when  attached  to  poles. 

Span  and  Guy  Attachments.  Span  and  guy  attachments  may  be 
made  up  with  such  of  the  following  forms  as  may  be  desired: 


r- 

,   1 

Wrap  with  No.l2  Wirt 

rr^ 

k  1 

T3» U       VJ 

Pig.  3. — Thimble  end  attachment. 

Thimble  End.  (Fig.  3.)  Thimble  end  may  be  made  by  bending 
strand  around  thimble  of  proper  size.  The  strand  end  should 
extend  15  in.  beyond  thimble,  and  should  be  secured  by  a  three  bolt 

clamp  close  to  thimble,  and 
by  a  serving  of  about  10  turns 
of  No.  12  galvanized  wire  i 
in.  from  end  of  strand. 

Two-turn  Wrap.  Two- 
turn  wrap  may  be  made  by 
taking  strand  around  pole 
twice.  If  at  end  of  span  or 
guy,  the  end  of  the  strand 
should  extend  30  in.  beyond 
the  face  of  pole  and  should 
be  secured  to  main  part  by 
a  three  bolt  clamp  15  in.  from  face  of  pole  and  by  a  serving  of 
about  10  turns  of  No.  12  galvanized  iron  wire  i  in.  from  end  of 
strand.  If  hitch  is  at  an  intermediate  point  in  span  or  guy  it 
should  be  secured  by  a  three  bolt  clamp  on  the  outside  parts  of 
the  strand,  the  center  bolt  of  clamp  being  replaced  by  a  lag  screw 
into  the  pole  as  shown  by  Fig.  4. 

Close  Tie  (Fig.  5.)  Close  tie  may  be  made  by  bending  strand 
tightly  around  attachment,  leaving  a  free  end  about  15  in.  long. 
One  wire  of  tins  end  should  be  unlayed  back  to  the  attachment  and 


Fig.  4. — Three-bolt  clamp  hitch. 
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served  on  main  part  and  remainder  of  end;  the  other  wires  should  be 
in  turn  imlayed  back  to  the  last  wrap  and  served  over  main  part 
and  remainder  of  end  until  latter  is'all  served  on. 


Fia.  5. — Close  tie. 

Temporary  Tie,  (Fig.  6.)  Temporary  tie  may  be  madevlike 
permanent  tie  of  same  kind^  but  end  should  be  left  long  enough  to 
allow  for  adjustment  and  permanent  make  up  and  should  be 
secured  to  main  part  by  one  or  more  servings  of  wire.  In  making 
temporary  ties  bend  should  be  of  as  large  radius  as  possible  until 
permanently  secured. 


Leave  End 


Eaoagli  to  Allow  for  Adjustment 

A.   ^ 


Keep  Z^oop  as  Lars*  as  Possible 
Q&til  Permanently  made  op 

Fig.  6. — Temporary  tie. 

Anchors.  (Fig.  7.)  Anchors  in  earth  should  consist  of  a  wooden 
deadman  4  ft.  long,  at  least  6  in.  thick,  and  having  a  cross-section 
not  less  than  48  sq.  in.,  buried  at  least  4  ft.  below  the  surface  with 
not;  less  than  2  ft.  of  rock  if  reasonably  obtainable  well  packed 
into  hole,  and  the  earth  filling  above  thoroughly  tamped.  The 
anchbr  should  pass  through  center  of  deadman,  and  must  lie  in  line 
of  pull  of  guy  to  prevent  bending.  Patent  anchors  of  holding 
capacity  equal  to  the  breaking  strjun  of  the  strand  to  be  used  with 
them,  and  having  rugged  parts  sufficiently  large  to  allow  a  reason- 
able amount  of  corrosion  without  reduction  in  holding  capacity, 
may  be  used  in  place  of  rod  and  deadman  where  conditions  are 
favorable.  Anchors  in  rock  should  consist  of  eye-bolt  securely 
leaded  or  sulphured  for  entire  length  of  shank  in  hole  inclined  at 
right  angles  to  pull  of  guy.  In  rock  of  sufficient  strength  to  safely 
withstand  the  action,  mechanical  wedge  type  eye-bolts  may  be 
used;  and  the  lead  or  sulphur  omitted.  Where  practicable  guys 
may  be  anchored  to  adjacent  pole  at  point  not  less  than  7  ft.  above 
ground. 

Guys.  (Fig.  7.)  Guys  should  be  used  where  practicable  on 
wood  poles  on  curves  of  radius  less  than  900  ft.,  on  poles  to  which 
are  attached  strain  plate  guys,  trolley  guys  and  head  guys;  and 
wherever  any  side  strain  exists.  They  should  be  of  galvanized 
seven-wire  steel  strand  with  thimble  end  at  anchor  attachments, 
and  two-turn  wraps  at  proper  height  for  attachment.  The  lead  or 
horizontal  distance  from  pole  at  ground  line  to  guy  at  same  level, 
whenever  practicable,  should  be  equal  to  the  distance  from  ground 
line  at  pole  to  guy  wrap.  Guys  located  where  there  is  a  liability  of 
persons  or  animals  running  into  them  should  be  made  conspicuous 
by  a  piece  of  pipe  2  or  moire  inches  in  diameter  and  6  ft.  long, 
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slipped  over  guy,  resting  on  ancbor  rod  eye  and  psinted  white. 
Where  guy  is  already  installed,  a  wooden  casing,  ^  in.  diameter  or 
square  and  6  ft.  long,  may  be  used  in  place  of  the  pipe.  The  halves 
should  be  well  white  leaded,  and  should  clamp  the  guy  tightly  wheo 
screwed  together,  the  bottom  resting  on  anchor-rod  eye.  Guy  hooks 
attached  one  on  each  side  of  pole  at  level  of  guy  wrap  by  a  ^in. 
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through-bolt  at  right  angles  to  line  of  pull  should  be  used  where 
local  conditions  compel  the  use  of  a  lead  less  than  one-fourth  the 
distance  from  ground  line  at  pole  to  guy  wrap.  Where  guys  can- 
not be  run  directly  to  secure  attachments  they  may  be  carried  high 
on  adjoining  poles  to  a  point  where  anchorage  can  be  obtained. 

Cross-arms.  (Fig.  8.)  Cross-arms  shoidd  be  given  one  coat  of 
perservative  or  two  coats  of  paint  before  pins  are  installed.  Pin 
shanks  should  be  dipped  in  the  preservative  or  paint,  and  while  wet 
firmly  seated  in  hole  and  secured  by  a  wire  nail  2  in.  long  driven 
through  side  of  arm  into  pin.  All  cross-arms  should  be  held  to 
-pole  by  a  through-bolt  driven  from  back  of  pole  toward  and  through 
arm,  having  a  washer  at  .each  end,  with  hole  at  back  of  pole 
properly  counterbored  to  secure  good  seat  for  washer.  Cross-arms 
3V4  in.  wide  by  4H  in.  deep  should  be  steadied  by  strap  braces  se- 
cured to  pole  by  a  lag  screw,  and  to  side  of  arm  away  from  pole  by 
carriage  bolts  on  center  line  of  arm  with  nuts  next  to  the  braces. 
Arms  up  to  and  including  48  in.  in  length  should  have  braces  24  in. 
long,  fastened  to  arm  16  in.  from  center;  arms  over  48  in.  long  should 
have  braces  28  in.  long,  fastened  to  arms  19  in.  from  center. 
Cross-arms  of  section  heavier  than  $H  by  4H  in-  should  be 
steadied  by  an  angle  brace,  fastened  to  bottom  of  arm  by  carriage 
bolt  and  to  pole  by  a  through-bolt.  The  lowest  feeder,  telephone 
or  signal  cross-arm  should  have  its  center  not  less  than  21  ft.  above 
top  of  rail;  other  feeder,  telephone  or  signal  cross-arms  should  be 
spaced  at  least  24  in.  from  center  to  center.  If  the  pole  also  carries 
a  transmission  line  there  should  ie  a  dear  distance  of  at  least  6  ft. 
between  the  top  feeder,  telephone  or  signal  arm  and  the  lowest 
transmission  arm.  Double  arms  for  feeder  should  be  used  at  ends 
of  curves  and  on  intermediate  poles  of  curves  of  radius  less  than 
500  ft. .  Double  arms  must  be  parallel  at  the  same  height.  Both 
arms  should  be  fastened  to  the  pole  by  the  same  through-bolt,  and 
should  be  firmly  tied  together  by  spacing  bolts  with  nut  and  washer 
each  side  of  each  arm,  located  on  the  center  line  of  arm,  8  in. 
from  end. 

Choice  of  Supporting  System.  Bracket  support  on  side  poles 
should  be  used  for  all  single  track  where  local  conditions  do  not  pre- 
vent, except  for  curves  of  radius  less  than  300  ft.  Bracket  support 
on  central  poles  may  be  used  on  double  track  where  practicable. 
Span  support  should  be  used  on  single  track  for  curves  of  radius 
less  than  300  ft.  and  where  local  conditions  do  not  permit  use  of 
brackets;  on  double  track,  including  turnouts,  not  employing 
central  bracket  poles;  and  for  more  than  two  tracks.  Compound 
spans  should  be  used  when  necessary  to  support  the  overhead  of  a 
series  of  tracks  too  closely  spaced  to  permit  poles  between.  Bridge 
support  will  be  used  only  in  special  cases. 

Height  of  Trolley.  Supporting  structures  should  be  of  such 
height  that  the  trolley  wire  in  streets  and  on  interurban  lines  will  be 
at  a  height  of  not  less  than  1 8  ft.  above  the  top  of  rail  unless  local 
conditions  prevent;  on  trackage  operating  electric  and  steam  road 
equipment  and  at  crossings  over  steam  roads  the  trolley  wire  should 
be  not  less  than  21  ft.  above  the  top  of  rail. 

Brackets.    Brackets  should  be  of  sufficient  length  to  allow  8  in. 
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between  hanger  or  strain  insulator  and  the  end  casting.  When 
pK>les  are  on  outside  of  curve  the  length  of  bracket  should  be  suffi- 
cient to  allow  for  effect  of  pole  rake  and  rail  elevation.  The  eye- 
bolt  should  be  installed  at  level  of  trolley  wire;  the  pole  casting  with 
center  a  distance  above  center  of  eye-bolt  equal  to  distance  center 
to  center  between  span  eye  and  arm  socket  of  end  casting;  and  the 
oversupport  rod  a  distance  in  inches  above  pole  casting  of  three 
times  the  length  of  arm  in  feet.  On  wood  poles  eye-bolts  and  over- 
support  rod  should  pass  through  pole  and  pole  casting  should  be 
attached  by  two  lag  screws.  On  steel  poles,  eye  for  strand,  socket 
for  arm  and  pole  attachment  for  oversupport  rod  should  be  carried 
by  special  fittings,  clamping  to  pole.  Eye-bolt  should  be  installed 
pulled  out  to  fi2l  length;  the  nut,  on  wood  pole,  seated  against  a 
washer;  the  arm  should  be  given  an  upward  rake  from  the  horizon- 
tal of  I  in.  in  4  ft.  of  length;  the  intermediate  casting  should  be 
clamped  on  arm  so  that  trolley  wire  cofnes  midway  between  it  and 
end  casting;  and  the  steel  strand  should  be  close  tied  into  eye-bolt 
and  into  end  castings  with  a  in.  of  slack  to  permit  hanger  installa- 
tion. On  steel  poles  strain  insulators  should  be  cut  into  strand  on 
either  side  of  hanger,  and  between  end  and  intermediate  castings, 
to  give  double  insulation.  Brackets  on  curves  should  be  installed 
as  on  tangents  except  that  pull-over  with  attached  strains  should  be 
close  tied  in  strand  in  approximately  correct  position,  but  ties  at 
eye-bolt  and  end  casting  should  be  temporary  imtil  final  dressing  of 
overhead. 

Spans.  Spans  should  consist  of  seven-wire  strand,  and  in  case  of 
steel  poles,  should  have  strain  insulator  cut  in  not  less  than  5  ft. 
from  pole;  where  pole  carries  high  tension  circuits,  a  strain  insu- 
lator should  be  used  of  suitable  strength  and  creeping  surface. 
WTiere  a  foreign  line  crosses  close  to  the  span  two  strain  insulators 
should  be  used,  one  at  either  side  of  foreign  line,  to  ensure  that  if 
latter  falls  it  shall  be  on  a  dead  section.  Spans  on  tangents  should 
be  close  tied  into  eye-bolts  at  height  above  trolley  wire  not  more 
than  one-tenth  the  distance  from  track  center  to  pole  but  in  no  case 
should  the  factor  of  safety  for  the  span  wire  be  less  than  two  under 
the  conditions  to  be  expected.  On  wood  poles  eye-bolts  should  be 
at  least  12  in.  below  top  of  pole,  and  should  be  installed  at  full 
length,  seated  against  washers.  Spans  on  curves  should  be  installed 
as  on  tangents  except  that  pull-over  with  attached  strains  should  be 
close  tied  in  strand  in  approximately  correct  position  and  tempo- 
rarily tied  in  eye-bolts  until  the  final  dressing  of  overhead.  In  case 
of  two  or  more  tracks,  strand  between  pull-overs  should  have  tem- 
porary tie  at  one  end  until  final  dressing. 

Trolley  Wire.  Trolley  wire  may  be  run  out  by  mounting  the  reel 
on  an  arbor  on  which  it  can  freely  turn,  and  leading  the  wire  to  an 
anchor  or  to  trolley  already  installed.  Tension  may  be  maintained 
by  a  brake  on  rim  or  side  of  reel,  but  under  no  circumstances  should 
braking  be  done  against  the  copper.  The  wire  should  be  pulled  to 
correct  sag  and  temporarily  tied  to  brackets  or  spans  by  rope  or 
other  soft  insulating  ties.  Particular  care  should  be  taken  to  pre- 
vent twisting,  kinking  or  bruising  the  wire.  Parallel  faced  clamps 
should  be  used;  chains,  cam  come-alongs  or  other  short  grip  devices 
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shoiild  not  be  employed.  The  sags  should  be  as  follows,  and  in 
pulling  up  great  care  should  be  taken  that  the  corresponding 
tensions  are  not. exceeded: 

Sag  and  Tension  of  Trolley  Wire  (too  ft.  Spans) 


Temperature, 
deg.  P. 


Size  of  Wirb 


Sag, 
in. 


Tension, 
lb. 


oo 


Sag, 
in. 


Tension, 
lb. 


ooo 


Sag, 
in. 


Tension, 
lb. 


oooo 


Sag. 
in. 


Tension, 
lb. 


o 

2H 

1920 

3 

2020 

2H 

2780 

2H 

3SO0 

30 

3 

1600 

3H 

1730 

3H 

23SO 

3H 

2960 

60 

3H 

1370 

4H 

1420 

AH 

1800 

4H 

2260 

90 

f 

1070 

SH 

1 100 

sH 

I4S0 

sH 

1830 

120 

800 

7^ 

760 

7H 

1050 

7H 

1330 

The  table  values  are  for  spans  of  .100  ft.;  for  any  other  span  the 
sag  for  the  tension  given  in  the  table  is  as  the  squares  of  the  lengths. 
For  example,  for  span  of  50  ft.,  the  sag  for  a  given  temperature  is 
equal  to  50  squared  divided  by  100  squared,  or  one-quarter  the 
corresponding  table  value  for  that  temperature. 

After  the  trolley  wire  has  been  temporarily  tied  up  with  the  proper 
sags,  and  the  line  has  been  anchored,  the  line  ears  and  hangers  may 
be  accurately  located  and  attached,  clinch  ears  being  thoroughly 
closed  down  to  give  secure  grip  and  smooth  running  surface,  and 
the  mechanical  ears  well  seated  in  grooved  wire,  the  damp  screws 
then  being  slightly  upset  to  prevent  backing  out. 

Trolley  Wire  Splices.  Splices  should  be  of  a  type  to  develop  full 
strength  of  trolley  wire,  and  should  be  so  installed  as  to  offer  the  least 
possible  obstruction  to  the  passage  of  trolley  wheel.  Grooved  wire 
should  be  kept  in  perfect  alinement,  and  if  the  splice  is  of  the  solder- 
ing tjrpe,  it  should  be  thoroughly  sweated  on  without  annealing  the 
wire.  In  any  case  the  free  ends  of  the  wire  should  be  bent  sharply 
back  at  the  outlet,  and  cut  off  fornung  a  hook  with  end  yi  in.  long. 

Trolley  Wire  Guys.  In  bracket  construction  trolley  wire  guys 
should  be  installed  at  the  ends  of  curves  and  on  long  curves  and 
tangents  at  equal  intervals  as  nearly  as  possible,  but  not  to  exceed 
1500  ft.  apart.  Trolley  wire  guys  should  be  seven-wire  steel  strand 
attached  to  strain  plate  supported  at  a  bracket  by  double  pull-over 
with  proper  insulation  and  led  both  ways  to  next  adjacent  poles. 
Each  guy  should  have  a  strain  insulator  cut  in  it  5  ft.  from  the 
strain  plate,  and  should  be  secured  to  proper  pole  by  a  two  turn  wrap 
at  height  of  bracket  arm.  Where  practicable,  the  strain  of  these 
guys  should  be  taken  by  anchor  guys  in  the  line  of  the  pull;  if  this 
is  impracticable,  high  guys  should  be  used.  Great  care  should  be 
taken  to  ensure  equal  pulls  on  the  guys,  and  especially  that  the 
strain  plate  is  not  twisted  out  of  line;  the  ties  should  not  be  made 
up  permanently  until  the  final  dressing  of  the  overhead. 

Curves.  (Fig.  9,)  Curves  should  be  made  up  with  straight  line 
clinch  ears  for  round  wire,  or  double  clip  mechanical  ears  for 
grooved  wire,  attached  to  suitably  insulated  pull-over  bodies. 
Support  should  be  by  span  except  where  rest  of  line  is  in  bracket 
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and  radius  is  greater  than  300  ft.  Between  supports  curves  should 
be  held  to  line  by  seven-wire  steel  strand,  with  single  body  pull- 
offs  for  single  track  or  for  outside  one  of  several  tracks,  and 
double  body  pull>offs  elsewhere,  spaced  as  follows: 


Radius  of  curve 

Spacing  of  puU- 

Number  of  pulls 

Distance  apart ' 

(feet) 

offs  (feet) 

between  supports 

of  poles  (feet)  i 

40 

7 

4 

35 

SO 

8 

4 

40 

60 

9 

4 

4S 

70 

10 

4 

SO 

So 

II            * 

4 

^S 

90 

12 

4 

60 

100 

13 

4 

65 

I2S 

14 

4 

70 

ISO 

15 

4 

75 

200-500 

20 

3 

80 

750 

2S 

3 

ICO 

1000 

33H 

2 

100 

1500-2000 

SO 

I 

100 

Above  2000 

100 

0 

100 

The  pull-overs  in  each  span  shoXild  have  bodies  and  strains  held 
radially  to  curve  by  a  lacing  of  seven-wire  steel  strand  at  least  6  in. 
away  from  trolley  wire,  which  lacing,  however,  may  be  omitted 
from  any  pull  making  an  angle  of  60  deg.  or  more  with  the  ear 
to  which  it  is  attached.  With  an  odd  number  of  ptlll-over  bodies 
the  middle  one  should  have  pull-off  strand  to  each  pole.  Inter- 
sections and  complicated  special  work,  particularly  in  city  streets, 
will  usually  require  special  and  individual  study  and  treatment. 
Figs.  10  to  16,  inclusive,  give  typical  overhead  layouts  for  such 
special  work. 


Pin  Otmi  ahoim  I9  Solid  Ubm  for  R»4iQ  from 

46tolfi0 

Pidl  Oren  dwim  by  Dotted  IIbm  teSadHfoom 

SOOtoTN 


Pull  Or«n  BbowB  I9  BoM  IdnM  lorlMll  from 

1000  to  1600 

PuU  Oren  ihowa  bj  Dot  ft  DMh  for  BadU  firom 

1500toa000 


Pig.  9. — ^Location  and  arrangement  of  puU-offs  in  trolley  wire  c  urves. 

Offset  of  Trolley  on  Curves.  Curves  should  be  dressed  with 
uniform  deflection  at  pull-overs  and  should  offset  to  the  inside  of 
curve  an  amount  given  by  the  expression 

•pft  


in  which 


S  =  radial  offset  of  trolley  wire  toward  center  of  curve 
E  «  super-elevation  of  outer  rail 
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H  —  height  of  trolley  wire  above  rail 

G   =  track  gage 

R  =  radius  of  curve 

P  =  distance  from  center  of  car  to  pivot  of  trolley  base 

Q  =  distance  from  center  of  car  to  center  of  truck 

L   =  horizontal  distance  from  pivot  of  trolley  base  to 

point  of  contact  between  trolley  wheel  and  trolley 

wire. 

Note:    All  values  in  terms  of  feet. 

The  total  offset  should  be  uniformly  tapered  off  from  full  value  at 
inside  easement  point  of  track  to  no  offset  at  outside  easement  point. 
If  track  is  not  eased,  start  with  full  offset  at  distance  inside  end  of 
curve  as  given  below,  and  run  to  no  offset  at  point  at  equal  dis- 
tance outside  end  of  curve. 


Radius  of  curve 
Up  to  no  ft. 
100  to  500  ft. 
500  to  1000  ft. 

Above  1000  ft. 


Start  offset  easement 

30  ft.  from  end  of  curve 

40  ft.  from  end  of  curve 

6o  ft.  from  end  of  curve 

100  ft.  from  end  of  curve 


Fig.  10. — Trolley  on  double-track  curve. 

Frogs.  Frogs  should  be  installed  with  both  main  line  and  branch 
trolley  wires  led  straight  through,  the  latter  to  end  6  ft.  beyond 
frog  in  eye  of  strain  insulator,  to  other  end  of  which  is  close  tied  a 
seven-wire  steel  strand,  secured  to  pole  at  a  level  as  nearly  that  of 
frog  as  will  allow  safe  clearance  over  other  wires.  The  frog  itself 
should  be  held  on  each  side  by  a  guy  of  seven-wire  steel  strand  with 
stram  insulator  attached  to  frog  and  secured  to  proper  poles  at  the 
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Fig.  12. — ^Trolley  on  double-track  Y. 
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•Trolley  on  double-track 
three-part  Y. 


Fig.  14. — Trolley  on  double- 
track  crossing  with  curves  in 
one  quadrant.. 
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Fia.  15. — ^Trolley  on  double-track  oroaaing  with  curves  in  opposite  quadrants. 


"FtQ.  16.— Trolley  on  double-track  crossing  with  curves  in  four  quadrants. 
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point  of  span  attachment.  Frogs  should  be  temporarily  located  on 
center  line  of  main  track  and  one-third  distance  from  track  switch 
points  to  track  frog  point  back  from  track  switch  points,  and  if 
need  be  should  be  shifted  to  suit  local  conditions  and  equipment 
Until  final  location  is  made,  trolley  wire  should  be  clamped  just 
firmly  enough  to  prevent  slipping  without  bruising  or  kinking.  Care 
must  be  taken  that  frog  is  not  located  too  far  back  of  track  switch 
points,  as  such  location,  while  often  giving  satisfactory  running, 
will  result  in  excessive  wear  of  trolley  wire. 

Crossings.  Crossings  wherever  practicable  should  be  installed 
without  cutting  either  of  the  line  wires,  which  latter  should  be 
clamped  just  firmly  enough  to  prevent  slipping  without  bruising  or 
kinking  until  the  crossing  has  been  satisfactorily  located.  Where 
wire  must  be  cut,  at  least  3  ft.  of  free  end  shoidd  be  left  outside 
clamp  until  the  final  adjustment,  after  which  the  end  should  be  cut 
off  close  to  the  clamp. 

Feed  Taps.  (Figs.  17  and  18.)  Feed  taps  should  be  at  points  of 
support  and  should  consist  of  prop>er  size  tnple  braid,  weatherproof 
stranded  connection  from  feeder,  feed  yoke  well  soldered  on  at 


^ 


Strain  InsaUtor 


FMd 

ror  lUsidar  Scrrioe 


FMd.lftToto. 


.InioliUlBt 


Btnla  Insalatpn '  ■ .  -     . 

F<»  JolBt  na*  FOl«, 

Pig.  17.— Peed  tap  in  bracket  construction. 


proper  point,  and  straight  line  ear  solder^  to  the  trolley  wire  and 
bolted  to  the  yoke.  In  general,  feed  taps  should  be  located  every 
1000  ft.  With  bracket  support  the  feeder  connection 'should  run 
from  the  feeder  to  which  it  should  be  well  soldered,  to  strain  at- 
tached to  span  eye-bolt  in  pole,  thence,  replacing  the  usual  steel 
strand  through  insulated  intermediate  casting  to  strain  attached  to 
end  casting  of  bracket.  Bracket  tube  should  be  of  sufficient  length 
to  allow  at  least  8  in.  of  connection  cable  between  feed  yoke  and  end 
strain,  and  intermediate  casting  should  be  so  located  that  feed  yoke 
is  midway  between  it  and  end  casting.    With  span  si^port  the 
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feeder  connection  should  run  from  feeder  to  strain  attached  to  span 
eye-bolt  in  pole,  thence,  replacing  the  usual  steel  strand,  to  close 
tie  in  strain  5  ft.  beyond  trolley  farthest  from  feeder.  Span  should 
be  completed  by  seven  wire  steel  strand  close  tied  into  strain  and 
into  pole  eye-bolt,  and  should  sag  not  greater  than  one- tenth  the 
distance  from  trolley  wire  to  pole. 


Feeder 


1  Wtie  Steel  8ln&d  Oelv. 
Strain  Insulator 


4:  Copper 


•in  Yoke 

Feed-ln  Ear 
Pig.  18. — Peed  tap  in  span  construction. 

Feed  wire  may  be  run  out  by  mounting  the  reel  on  an  arbor  on 
which  it  can  freely  turn,  and  if  practicable,  run  along  the  line  on  a  car 
or  wagon.  Where  local  conditions  necessitate  pulling  feeder  on  end 
over  the  cross-arms,  great  care  must  be  taken  to  prevent  injury, 
especially  to  insulated  feeder,  rollers  or  snatch  blocks  of  ample  size 
being  used  at  each  arm.  Feeder  should  be  strung,  for  spans  of 
100  ft.,  with  sags  not  less  than  those  of  the  following  table: 

Allowable  Sags  in  Feeders  for  Different  Temperatures 

Temperature,  Pahrenheit  Copper  Aluminum 

(degrees)  '     ' 

0 

30 

60 

90 

120 

The  table  values  are  for  either  bare  or  weatherproof  feeder  of  any 
size  from  oooto  to  2,000,000  circular  mils.  For  spans  other  than  100 
ft.  in  length  the  sag  should  be 
in  the  same  ratio  to  the  table 
values  as  is  the  square  of  the 
span  to  100  squared. 

Feeder  should  be  installed  in 
the  top  groove  of  the  insulator 


(in.) 

(in.) 

10 

5 

13H 

10 

17 

16 

20H 

21H 

23^ 

26 

Pig.  19. — Top  tie  for  feeder. 


on  tangents  and  in  the  outer  side  groove  on  curves  and  at  angles,  and 
should  be  tied  in  with  No.  6  soft  drawn  wire  of  the  same  metal  as 
feeder.  Top  tie  (Fig.  19)  may  be  made  with  two  tie  wires  each  15 
in.  long.  The  first  wire  should  be  looped  around  insulator  in  side 
groove,  the  ends  crossed  and  twisted  once  under  cable,  then  brought 
up,  one  each  side  and  wrapped  aroimd  cable,  crossing  above  and 
below  until  all  is  on.  The  other  wire  should  be  used  to  make  a  similar 
tie  on  opposite  side  of  insulator.    Side  tie  (Fig.  20)  may  be  made 
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with  one  tie  wire  15  in.  long  which  should  be  looped  around  inside 
groove  at  back  and  ends,  carried  under  cable,  then  working  from 
center  with  one  end  each  side,  over  top,  down  back,  under,  up  front, 
and  so  on  for  four  complete  turns,  then  around  back  of  insulator 
where  ends  should  be  twisted  together  securely.  The  cable  side 
of  the  insulator  is  front. 

On  tangents  feeder  may  be  carried  on  single  arms  having  insu- 
lators on  wood  pins;  on  angles  less  than  10  deg.  by  single  Arms, 

and  on  angles  greater  than  10  deg. 

by  double  arms,  in  either  of  the  latter 

cases  having  porcelain  insulators  on 

metal  pins. 

Splices  in  solid  feeder  should  be 

made  with  an  approved  connector; 

in  stranded  feeder  should  either  be 
^ ^  made  with  an  approved  connector, 

Fig.  2o.--Side  tie  for  feeder.       o^  pi  the  wrappecf  cable  type,  tapered 

umformly  to  size  of  onginal  feeder  at 
ends.  In  insulated  feeder  either  type  should  be  smoothly  taped  to 
the  equivalent  covering.  The  wrapped  cable  tj^  sph'ce  (Fig.  21) 
is  made  by  stripping  the  ends  to  be  spliced  for  24  in.,  unlaying  and 
brightening  18  in.  of  these  bare  ends,  cutting  out  the  core  strand 
of  each,  and  passing  wires  of  one  end  between  those  of  other  end 
and  laying  parallel  with  main  cable.  The  wires  of  one  strand 
either  side  of  middle  of  splice  are  then  close  served  over  main 
portion  and  rest  of  wires  of  that  end;  a  second  pair  of  strands  is 
similarly  served  on,  and  so  on,  until  the  last  pair  of  strands  serve 


am^mmmmsM 


Fig.  21. — Cable  type  feeder  splice. 

simply  on  the  main  portion.  The  splice  should  then  be  sweated 
full  of  solder  and  smoothly  taped  to  equivalent  of  original  insulation 
if  cable  is  insulated.  Lead  covered  or  specially  insulated  or  covered 
cables  should  be  spliced  under  special  instruction,  and  then  only 
by  men  experienced  in  that  particular  class  of  work. 

Choice  of  Feeder.  Bare  feeder  should  be  used  on  private  right- 
of-way  and  wherever  else  practicable;  weatherproof  feeder  where 
required  and  where  numerous  trees  or  other  obstacles  would  cause 
grounds  if  bare  cable  was  used. 

Feeder  Anchors.  Where  long  spans,  long  heavy  grades,  or  other 
conditions  cause  unusually  heavy  strains,  feeder  should  be  anchored 
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by  mechanical  clamps  secured  to  eye-bolt  in  cross-arm  through  a 
suitable  strain.    Insulated  feeder  shoiild  be  bared  so  that  clamp 
takes  direct  hold  on  the  metal.    If  heavy  pull  is  anticipated,  take, 
guy  from  cross-arm  to  next  pole. 

Section  insulators  should  be  installed  at  a  span  suspended  from 
hanger. 

Section  switch  box  should  be  bolted  to  back  of  pole,  using  bolts  of 
proper  length,  each  with  washer  under  head  and  nut,  latter  begin 
inside  box,  which  should  rest  on  cross-arm  carrying  feeder  section- 
alized.  The  feeder  should  be  dead-ended  in  strains  attached  to 
eye-bolt  at  proper  point  in  feeder  cross-arm  and  then  enter  box. 
If  feeder  drops  from  dead  end  point  it  should  be  carried  lower  than 
bushings  in  box  and  then  up  to  prevent  drip  from  entering. 

Automatic  Sectionalizing  Switch.  Fig.  22  shows  the  circuits  in 
the  automatic  sectionalizing  switch  of  the  General  Electric  Com- 
pany.   The  switch  is  connected  across  the  section  insulator  by 


Section  A 


T 

XroUey 


Aatomatic 
Switch 


Section  C 


D.P.S.T.  Switch 
Z 
Belay 

Beslstanoo 


Aatomatic 
Switch 


Circuit  Breakers 


Switches 
Station  Bus 

Fig.  22. — Circuits  of  automatic  sectionalizing  switch. 

taps  G  and  H,  Circuit  breaker  B  upon  closing  energizes  section  B 
and  current  passes  through  tap  G,  contactor  operating  coil  X  to  con- 
tact stud  on  relay  which  is  then  open  circuited.  On  closing  breaker 
C,  section  C  is  energized  and  current  passes  through  tap  U  and  relay 
operating  coil  W  to  ground,  closing  the  relay  disk  K.  This  in  turn 
completes  the  circuit  through  the  contactor  operating  coil  X,  caus- 
ing the  contactor  to  close.  This  completes  the  circuit  across  the 
insulator,  thus  placing  the  feeders  in  multiple.  The  switch  will  not 
operate  until  both  breakers  feeding  the  sections  to  which  it  is  con- 
nected are  closed.  With  a  heavy  load  on  one  section  (while  the 
automatic  switch  is  in  operation),  current  from  the  adjacent  sec- 
tions will  be  fed  across  the  section  insulators,  thus  increasing 
materially  the  effideiicy  of  the  entire  distribution.  Where  an  auto- 
30 
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matic  or  hand-operated  sectionalizing  switch  is  used,  tests  should  be 
made  periodically  to  determine  any  changes  necessary  in  feeder 
sizes  in  order  to  divide  the  load  properly  between  the  feeders. 

Lightning  arresters  where  required  by  local  conditions  should  be 
installed  at  feed  taps,  just  below  the  feeder  cross-arm,  and  should 
be  connected  to  the  feed  tap  dose  to  its  attachment  to  the  feeder  by 
solid  insulated  No.  4  copper  wire.  The  ground  wire  should  be  of 
solid  insulated  No.  4  copper  wire,  stapled  to  the  back  of  pole 
and  either  (a)  extended  as  a  ground  coil,  (b)  well  soldered  into  a 

{)ipe  ground  or  (c)  well  soldered  to  the  track  rails.  In  any  case  the 
ower  portion  should  be  protected  by  a  wood  molding  8  ft.  long 
with  groove  \i  in.  square  in  one  side,  well  painted  on  all  sides  with 
paint  or  other  preservative.  With  ground  coil  or  grounding  pipe 
the  lower  end  should  extend  i  ft.  below  the  surface  of  the  ground; 
with  rail  connection  the  ground  wire  should  make  a  large  easy 
bend  and  should  have  some  form  of  wooden  protection  up  to  its  at- 
tachment to  the  rail  to  guard  against  injury  when  tamping.  Light- 
ning arrester  grounds  may  be  attached  to  the  track  rails  or  to  an 
earth  ground,  but  in  no  case  should  an  arrester  be  grounded  in 
both  ways.  Earth  grounds  should  be  secured  as  follows:  Where 
permanently  moist  earth  is  assured  at  reasonable  depth  the  ground 
may  consist  of  H-in.  pipe  driven  at  least  3  ft.  into  the  moist  earth. 
Where  there  is  doubt  as  to  the  condition  of  the  soil,  excavate.  If 
permanently  moist  earth  is  reached,  install  pipe  ground;  if  other- 
wise, install  a  flat  coil  containing  40  lin.  ft.  of  solid  No.  4  bare 
copper  wire  imbedded  in  not  less  than  7  cu.  ft.  of  charcoal.  Particu- 
lar care  must  be  taken  to  ensure  that  the  ground  is  effective;  un- 
less a  good  ground  is  secured  the  arrester  cannot  give  protection. 

Soldering.  Where  soldering  is  necessary,  it  should  be  done  with 
non-corrosive  paste  or  with  stearin;  the  use  of  acid  or  corrosive  salts 
should  be  strictly  forbidden;  and  great  care  should  be  taken  to  pre- 
vent overheating  and  annealing. 

Linemen.  Only  such  men  should  be  employed  on  overhead  con- 
struction as  have  had  experience  and  are  so  skilled  in  the  work  that 
those  details  which  make  up  good  practice  should  be  attended  to 
without  the  necessity  for  specific  and  detailed  instruction.  Such 
details  include:  gracUng  poles  to  bring  tops  to  approximately  the 
same  line;  setting  cross-arms  square  to  tangent  Ime,  and  bisecting 
the  angle  at  breaks;  setting  brackets  square  to  line  and  all  with 
same  rake;  cutting  in  strains  at  the  same  relative  points;  instal- 
ling spans  so  that  eye-bolts  and  strands  line  up;  setting  chamfered 
nuts  with  flat  side  to  bearing;  seating  insulator  pins  firmly  to 
shoulder;  seating  washers  square  with  bolt  hole;  screwing  in  lag 
screws  at  least  the  last  half;  finishing  off  all  splices,  fastenings  and 
ends. 

Catenary  Constructioii 

Endeavor  to  reduce  the  sag  in  overhead  contact  conductor  by 
suppl3dng  several  points  of  support  in  a  given  span  resulted  in  the 
development  of  the  catenary  type  of  suspension.  In  its  ele- 
mentary form  it  consists  in  suspending  the  contact  conductor 
by  means  of  clips  or  hangers  which  are  placed  a  few  feet  apart 
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and  which  are  hung  from  one  or  more  messenger  wires  which 
hang  in  nearly  a  catenary  curve  between  the  main  supports  of  the 
overhead  construction  or  between  intermediate  supports  sus- 
pended therefrom.  There  are  a  great  many  varieties  of  this 
general  form  of  suspension,  varying  from  the  simple  catenary  from 
which  is  suspended  the  trolley  wire  directly,  to  very  elaborate  sus- 
pension systems.  The  purpose  of  the  catenary  construction  is 
to  support  the  contact  conductor  at  points  close  together  while 
maintaining  a  great  distance  between  points  of  support  of  the 
whole  system,  thus  reducing  changes  in  height  of  the  contact 
conductor  to  a  practical  minimum  without  introducing  exces- 
sive tension  in  the  suspension  system.  The  particular  need  for 
such  a  working  conductor  system  is  found  in  high  speed  work. 
At  the  present  stage  of  development  the  advantages  which  might 
be  derived  from  the  use  of  the  catenary  type  of  suspension  in  dty 
work,  except  in  specisd  cases  such  as  over  railroad  crossings, 
are  in  general  considered  to  be  outweighed  by  the  complica- 
tions in  its  application  and  operation.  There  are  three  general 
types  of  primary  suspension,  namely:  (i)  bracket,  (2)  cross-span 
and  (3)  bridge.  For  extended  discussions  of  many  types  of 
catenary  construction  the  Transactions  of  the  American  Institute 
of  Electrical  Engineers  should  be  consulted.  The  following  is 
based  upon  an  abstract  of  a  paper  by  Mr.  Charles  Rufus  Harte, 
Electric  Railway  Journal,  1914,  which  is  a  good  summary  of  the 
more  important  catenary  developments.  Figs.  23  and  24  show 
typical  examples  of  working  conductor  suspension  in  heavy  electric 
railway  work. 

Length  of  Span.  Messenger  spans  for  catenary  construction  are 
usually  150  ft.  with  wood  pcAe  support,  and  300  ft.  on  steel  bridges; 
hanger  spacing  is  generally  10  ft.  to  15  ft.  for  pantograph  opera- 
tion, and  twice  these  values  for  wheel  operation. 

General  Details  of  Suspension.  The  earliest  catenary  consisted 
of  a  messenger  from  which  the  contact  wire  was  suspended  by  a 
series  of  equidistant  hangers.  This  worked  well  for  short  spans,  but 
on  long  spans  the  great  cMerence  in  length,  and  so  in  weight,  of 
the  mid  and  end  hangers  led  to  the  development  of  compound 
catenary.  The  Siemens-Schukert  type,  one  of  the  earliest  forms, 
employs  a  main  messenger,  a  secondary  messenger  suspended  from 
the  main  messenger  by  hangers  approximately  20  ft.  apart,  and  a 
contact  wire  suspended  from  the  secondary  messenger  by  hangers 
approximately  10  ft.  apart.  The  secondary  messenger  supports 
come  at  the  Quarter  points  between  the  main  hangers  or  "  droppers," 
which  are  of  wire,  about  No.  8  gage  eqmvalent,  and  are  in  two 
parts,  UiJted  eyes  in  the  adjacent  ends  forming  a  flexible  joint; 
these  hangers  attach  rigidly  to  both  main  and  secondary  mes- 
senger. The  secondary  hangers  attach  rigidly  to  the  contact 
wire,  but  loop  over  the  secondary  messenger  so  they  are  free 
to.  rise  2  or  3  in.  This  has  proved  very  satisfactory  in  a  number 
of  Continental  installations,  and  on  the  Midland  Railway  of 
England. 

Multiple  Catenary.  Two  main  messengers  have  vertical  sag 
and  horizontal  deflection  toward  each  other.    The  hangers,  spaced 
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lo  ft.  apart,  are  eqmlateral  triangles  of  pipe,  the  two  upper  comers 
attaching  to  the  messengers  while  the  bottom  one  holds  the  con- 
tact wire;  the  entire  system  is  at  line  potential,  the  supports  at 
the  bridges  being  insulators  as  well.  As  first  installed  on  the  New 
Haven  road,  the  contact  wire,  No.  oooo  grooved  copper,  was 
carried  directly  by  the  triangles.  These  points,  however,  were  ex- 
ceedingly rigid,  while  the  midspan  was  comparatively  soft,  and 
when  the  speed  of  the  train  was  such  that  the  time  interval  between 
hanger  jwints  was  the  same  as  the  vibration  period  of  the  col- 
lector, the  latter  chattered  with  increasing  violence  until  changed 
conditions  threw  the  pantograph  "out  of  step." 

Secondaiy  Messenger.  The  trouble  with  the  multiple  catenary 
cited  above  was  successfully  obviated  by  the  following  improve- 
ment by  Mr.  E.  H.  McHenry:  A  steel  contact  wire  of  the  same  sec- 
tion as  the  copper  is  suspended  from  the  latter  by  clips  coming 
midway  between  the  hangers,  which  keep  the  wires  iH  in.  apart, 
center  to  center.  The  dips  are  rigidly  attached  to  both  wires; 
it  was  feared  that  with  the  heavy  shoe  pressure  a  looped  clip  such 
as  is  used  in  the  Siemens-Schukert  form  might  permit  the  lower 
wire  to  turn  sideways,  in  which  case  the  shoe  would  fo\il  the  clips 
with  disastrous  results.  The  London-Brighton  &  South  Coast 
Railway,  to  secure  the  same  end,  uses  hangers  of  comparatively 
light  wire,  the  small  ones  holding  the  wire  by  a  loop,  while  the 
larger  ones  have  jointed  sides  to  give  the  desired  flexibility.  On 
this  system  the  stresses  are  all  low,  the  messenger  having  a  sag  of 
6  ft.  in  vertical  projection  for  a  span  of  not  quite  200  ft. 

McHenry-Murray  Suspension.  The  extensive  experience  with 
the  pioneer  and  McHenry  forms  under  heavy  service,  and  careful 
study  of  the  behavior  of  other  types,  resulted  in  the  McHenry- 
Murrary  catenary  employed  on  the  extension  of  the  New  Haven 
electrification.  In  this  the  main  messengers,  one  for  each  track, 
have  at  the  quarter  points  structural  steel  cross-bents  which  in 
turn  carry  insulators  from  which  the  secondary  system  is  hung. 
This  latter  consists  of  the  secondary  messenger,  carrying,  through 
hangers  10  ft.  apart,  a  pair  of  wires,  upper  of  copper  and  lower  of 
steel,  held  iH  in.  center  to  cefiter  by  clips  which  are  midway  be- 
tween the  secondary  hangers.  The  main  messengers  have  only  to 
carry  the  mechanical  load  of  the  secondary  system.  The  value  of 
this  grounded  shield  as  a  lightning  protection  has  been  strikingly 
shown  in  several  electrical  storms  which  caused  trouble  on  9ie 
older  forms,  while  the  new  construction  in  the  same  territory  was 
unaffected. 

Hard  Catenary.  The  general  tendency  in  catenary  is  toward  a 
flexible  line,  but  there  are  two  recent  marked  exceptions.  The 
Fischer- Jellinek  form  employed  on  the  Budapest,  Ueberetsch  and 
other  Austrian  lines,  has  a  triangular  hanger  which  Hes  in  the  plane 
of  the  catenary  and  carries  at  the  bottom  angle  an  ear  through 
which  the  trolley  wire  is  free  to  slide.  Continued  and  repeated 
use  of  this  form  apparentiy  indicates  successful  results,  but  it  is 
difficult  to  believe  that  even  with  the  light  bows  .employed  there  is 
not  severe  wear  at  these  loose  connections,  particularly  as  the  tri- 
angular hangers  of  this  form,  to  insiure  that  the  clips  remain  parallel 
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to  the  contact  wire  and  do  not  bind  on  it,  of  necessity  make  very 
hard  spots.  This  type  is  hard  incidentally  rather  than  by  de- 
sign, but  the  Paul  catenary  of  the  Midi  Railway,  France,  is  es- 
sentially hard,  the  messenger  supporting  a  trussed  member,  which  is 
an  equilateral  triangle,  a  contact  rail  being  secured  to  the  lower 
vertex  while  pull-offs  and  steady  braces  attach  to  the  top  which  is 
horizontal.  The  trusses  are  a  trifle  more  than  40  ft.  long  and  are 
suspended  by  their  ends,  there  being  four  to  the  span. 

Catenary  Hangers.  A  great  variety  of  hangers  has  been  tried, 
but  very  few  of  the  forms  have  persisted,  the  majority  either  tak- 
ing too  much  time  to  install  or  shaking  loose  in  service,  not  a  few 
doing  both.  That  which  seems  to  meet  conditions  best  is  a 
mechanical  three-screw  clip  rigidly  attached  to  a  steel  strap,  the 
top  of  which  is  formed  into  a  loop  3  in.  or  4  in.  long,  permitting 
the  contact  wire  to  rise  to  that  extent.  Tlie  other  types  with 
cam,  screw,,  toggle,  wedge  and  other  locking  devices,  many  of 
them  exceedingly  ingenious,  are  for  the  most  part  of  interest  only 
as  a  matter  of  history.  Early  forms  of  strap  hangers  were  hinged 
at  the  lower  end,  but  this  permitted  the  loop  to  tip  over,  and 
with  each  lift  to  crawl  further  out  on  the  messenger  until  all  the 
lift  was  taken  up  and  the  flexibility  lost.  To  facilitate  installa- 
tion several  ingenious  wajrs  of  making  the  loop  have  been  devised. 
In  one  the  end  is  twisted  back  of  the  main  stem,  leaving  a  space  of 
such  shape  that  the  hanger  screws  onto  the  messenger;  another 
snaps  into  place,  the  spring  of  the  shaft  normally  keeping  the  loop 
closed;  while  a  third,  also  of  the  snap  type,  has  the  tail  of  the  strap 
so  bent  up  inside  the  loop  that,  once  snapped  on,  the  messenger 
cannot  get  into  a  position  to  wedge  its  way  out. 

Catenary  Brackets.  Brackets  are  of  two  classes:  those  made  up 
of  paired  angles  or  channels,  separated  at  one  end,  to  go  either  side 
of  the  pole,  to  which  they  fasten  by  a  through-bolt,  or  to  clasp  a 
casting  lagged  or  bolted  to  the  face  of  the  pole;  and  those  consisting 
of  a  single  I  or  T  seating  in  a  suitable  pole  casting.  Paired  member 
brackets  offer  facilities  for  the  attachment  of  supports,  insulators 
and  the  Uke;  single  member  forms  offer  much  less  opportunity 
for  corrosion.  Brackets  which  clasp  the  pole  and  are  through- 
bolted  to  it  restrict  the  length  of  line  affected  by  a  break  to  a 
few  spans  either  side,  but  the  brackets  at  the  break  are  usually 
badly  crippled  if  not  completely  wrecked;  brackets  less  rigidly 
secured  swing  dear,  and  while  dropping  a  much  greater  length  of 
line  are  usually  injured  little  if  any.  Abroad,  brackets  on  special 
iron  poles  are  used  for  spans  up  to  300  ft.,  and  frequently  for 
double-track  work,  either  with  center-pole  construction  or  carry- 
ing both  trolley  wires  on  the  one  long  arm.  In  American  practice 
two-track  brackets  are  not  so  frequently  used,  spans  or  bridges 
being  employed  instead;  the  latter  are  also  extensively  employed  on 
long  span  foreign  lines. 

Cross  Span  Catenary.  Cross  span  support  has  the  marked  ad- 
vantage of'  causing  minimum  interference  with  the  view  of  the 
motorman,  but  the  sag  must  be  great  or  the  stresses  will  be  very 
high.  It  has  been  used  in  some  of  the  early  light  catenary  con- 
struction and  the  New  York,  New  Haven  &  Hartford  Railroad  has 


616  ELECTRIC  RAILWAY  HANDBOOK 

made  extensive  us^  of  this  construction  for  yard  work,  and  to  a 
small  extent  for  the  main  line,  employing  heavy  lattice  poles  to  sus- 
tain it.  The  span  wire  attaches  to  the  main  catenary  messenger, 
while  a  steady  strand  attached  at  or  near  the  contact  wire  prevents 
overturning  under  pantograph  pressure.  In  some  instances  the 
span  has  contained  a  section  of  structural  steel  carrying  insu- 
lators to  vidbdch  the  messengers  attach.  The  New  Haven  tyipc 
has  long  wooden  strains  in  the  steady  strand,  very  materially 
stiffening  it. 

Bridge  Catenary.  For  heavy  work  most  engineers  have  preferred 
a  stiff  cross  member  to  the  high  or  heavy  poles  required  for  cross 
span  support.  Bridges  have  a  wide  range  oi  design,  from  the  light 
paired  angle  irons  bolted  to  wooden  poles,  one  on  each  side  of  the 
track,  as  on  the  Midland  Railway,  England,  and  certain  Continental 
Unes,  and  the  light  but  rigid  entirely  structural  material  frames  of 
the  Archbold-Brady  type,  to  the  very  substantial  structures 
of  the  early  New  Haven  work.  The  importance  of  the  traffic 
involved  in  the  latter  case  and  the  lack  of  data  as  to  behavior  in 
such  service  justified  the  use  of  a  conservative  design  in  the  pioneer 
installation. 

Alinement  of  Contact  Wire.  Abroad  the  line  is  zigzagged  from 
side  to  side,  usually  about  i  ft.  each  way,  to  distribute  the  wear 
over  the  top  of  the  shoe.  In  America  the  line  is  almost  always 
centered,  probably  for  esthetic  reasons,  although  it  is  found  that 
the  natural  side  sway  of  the  pantograph  is  ample  to  give  all  neces- 
sary side  travel.  Even  with  center  location  it  is  essential  tiiat 
track  and  overhead  departments  maintain. close  co*operation  lest  a 
change  in  super-elevation  without  a  corresponding  hne  shift  result 
in  the  shoe  being  thrown  entirely  dear  of  the  contact  wire  b^:ause 
of  unavoidable  side  play. 

Turnout  Diverters.  At  turnouts  the  diverging  wire  is  lifted 
above  the  level  of  that  of  the  main  Une,  but  for  pantograph  opera- 
tion early  American  catenaries  used  a  gridiron  of'  wires  to  ml  in 
the  space  between  wires  to  a  point  where  the  end  of  the  shoe  could 
by  no  chance  go  over  the  branch  wire.  Later  designs  foUow  the 
foreign  practice  of  merely  raising  the  branch  wire>  which,  however, 
is  rigidly  held  to  that  elevation  throughout  the  foulinig  space  by 
special  double  hangers. 

Catenary  Curve  Dressing.  Curve  dressing  is  complicated,  par- 
ticularly on  flexible  sirnple  catenary.  To  prevent  tipping  there  must 
be  two  attachments:  if  made  to  the  hanger  rod  the  friction  on  the 
messenger  absorbs  much  of  the  flexibility;  if  one  attachment  is  made 
to  the  hanger  rod  or  contact  wire  and  the  other  to  the  messenger 
the  pull-together  effect  of  paired  strands  is  equally  imdesirable. 
The  beet  solution  is  the  use  of  a  spreader  which  Ke^s  the  two 
parts  parallel  for  at  least  6  ft.  or  8  ft.  from  the  catenary,  beyond 
which  they  come  together  in  a  common  pull-off.  On  rigid  hanger 
Mnes  this  is  unnecessary  and  the  strands  are  attached  to  the  mes- 
senger and  to  the  bottom  of  the  hanger  rod  or  to  an  attachment  to 
the  contact  wire  which,  for  pantograph  work,  is  sufficiently  offset 
to  prevent  fouling.  Sharp  curves  with  several  pulls  per  span 
employ  either  a  bridle  between  supports  to  which  the  pulls  are 
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run  radially,  or  else  the  pulls  are  run  to  the  supports  in  fans;  light 
curves  either  use  the  bndle  or  fan  method,  or  on  heavy  construc- 
tion use  a  special  pull-off  pole.  On  light  work  flat  curves  offer  so 
little  side  pull  that  the  weight  of  the  strands  and  insulator  causes 
heavy  sag;  in  one  instance  this  was  partly  obviated  by  using  a 
light  single  strand,  which  a  short  distance  from  the  catenary  was 
divided  into  two  groups  of  three  wires  each,  the  seventh  being 
served  on  to  prevent  further  unlaying.  One  group  of  three  wires 
was  then  taken  to  the  messenger,  the  other  to  the  trolley,  while  the 
insulator  was  cut  in  at  the  bridle.  Foreign  lines  and  a  few  Ameri- 
can  employ  the  rigid  steady  brace  attached  to  the  main  support, 
and  rarely  to  a  pole  specially  set  for  it.  The  elimination  of  special 
pull-off  poles  is  secured,  and  the  disadvantage  of  the  line  loading 
by  the  Steady  brace  is  obviated  by  extending  the  bracket  to  form 
a  hook  to  which  a  pull-^ff  strand  is  attached.  In  case  the  pole  is 
on  the  outside  of  the  curve  the  attachment  is  made  directly  to  it. 
The  use  of  cross-bents  on  the  Harlem  Branch  electrification  of  the 
New  Haven  permitted  the  use  of  a  bridle  tied  to  these  bents, 
pulling  them  partly  to  the  desired  offset  from  the  chord  of  the 
messenger,  a  further  shift  of  the  insulators  on  the  cross-bents  bring- 
ing the  contact  wire  over  the  track  center.  The  most  admirable 
device,  however,  is  the  Murray  curve  hanger,  the  head  of  which 
£rmly  grips  the  messenger,  holding  the  shank  at  an  angle  of  ap- 
proximately 45  deg.  from  the  vertical,  while  the  lower  end  is  a 
duplex  clip,  which  is  vertical.  The  lengths  are  such  that  the  clips 
are  true  to  line,  making  the  chords  but  lo  ft.,  while  the  inclined 
shank  permits  the  contact  wire  to  yield  to  the  pressure  of  the  shoe 
against  the  torsion  of  the  messenger  and  the  pull  of  the  contact 
wire.  In  connection  Mrith  shortened  support  spacing  to  keep  the 
hanger  lengths  within  reasonable  limits,  this  scheme,  employed  on 
the  recent  New  Haven  work  and  now  used  on  the  Pennsylvania, 
gives  an  almost  perfectly  true  alinement. 

Temperature  Changes.  Changes  in  temperature  tend  to  cause 
corresponding  length  changes  in  the  various  members  of  cate- 
nary construction,  but  the  actual  result  is  largely  affected  by  the 
character  of  the  construction.  The  messenger,  contracting  or 
expanding,  tends  to  lower  or  rise,  the  movement  being  a  maximum 
at  mid-span,  and  zero  at  supf>orts;  the  contact  wire  tends  to  do 
likewise,  but  at  a  different  rate  because  of  its  different  sag.  The 
hangers  tie  the  two  together  and  compel  equal  movement,  giving 
to  the  contact  wire  in  cold  weather  an  inverted  sag,  so  to  speak, 
and  in  hot  weather  slack  wire  between  the  hangers.  On  the  Syra- 
cuse, Lake  Shore  &'  Northern  Railway,  the  contact  wire,  which 
was  erected  in  winter,  was  given  a  very  high  initial  tension  and 
an  inverted  sag  of  i  ft.  to  the  standard  300-ft.  span,  so  that  the 
heavy  summer  traffic  should  have  a  fairly  tight  straight  line. 
With  this  one  exception,  which,  it  is  said,  did  not  entirely  meet 
expectations  in  this  respect,  American  engineers  have  considered 
compensation  devices  not  worth  the  complication,  a  belief  well 
justified  by  the  behavior  of  the  Unes  'which  are  in  service  without 
such  devices.  . 
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Sag  and  Horizontal  PuU  in  Span 

Single-track  Line. — ^The  following  table  shows  the  sag  result- 
ing in  spans  of  various  lengths  when  subjected  to  the  tensions 
given,  a  standard  span  weight  of  50  lb.  being  assumed.  This  is  a 
convenient  standard  weight  for  a  M«-in.  steel  strand  span  which 
supports  a  length  of  100  ft.  of  00  trolley  with  ear  and  insulator. 


Sag  in  Span  Wire — Single-track  Line        ^ 
Maximum  Sag  in  Inches  (c)  for  Weight  {W)  of  50  Lb. 


Pull  on  span  (P) 

Length  of  span  (5)  in  feet 

in  pounds 

30 

3S 

40 

45 

SO 

55 

60 

65 

70 

75 

80 

500. 
600. 
700. 

800. 
900. 

1  GOO 

II 00. 
1200. 
1300. 

1400. 
1500. 
1600. 

1700. 
1800. 
1900. 

3000. 
3100. 

2  200. 

3300. 
3400, 
2500, 


9.0 

7-5 
6.4 

10. s 
8.8 

75 

13. 0 

10. 0 

8.6 

13. 5 

II. 3 

9.6 

T5.0 

13.5 
10.7 

16. s 
13.8 
II. 8 

18.0 
15.0 
13.9 

19.5 
16.3 

13.9 

21.0 

17.5 
15.0 

33.5 
18.8 
16. 1 

5.6 
50 
4-5 

6.6 
5.8 
5.3 

7.5 
6.7 
6.0 

8.4 
7.5 
6.8 

9.4 

8.3 

7.5 

10.3 
9.2 

8.3 

II. 3 

10. 0 

9.0 

13.3 

10.8 

9.8 

13. 1 
10.5 

14.1 
12. s 
II. 3 

4.1 
3.8 
3.5 

4.8 

4.4 
4.0 

5.5 
5.0 
4.6 

6.1 

5.7 
5.2 

6.8 

6.3 
5.8 

7.5 
6.9 
6.3 

8.3 

7.5 
6.9 

8.9 
8.3 

7.5 

9.5 

8.8 
8.1 

10.3 

9.4 
8.7 

3.2 
30 

3.8 

3.8 
3.5 
3  3 

4.3 

4.0 

3.8 

4.8 
4  5 
4.2 

5.4 
5.0 

4.7 

5-9 
5.5 

52 

6.0 
5.7 

7.0 

6.5 
6.1 

75 
7.0 
6.6 

8.1 

7-5 
7-0 

3.6 
2.5 
2.4 

3.1 
3.9 

3.8 

3.5 
3.3 
3.2 

4.0 

3.7 
3.6 

4-4 
4.2 
4.0 

4.9 
4.6 

4.3 

5.3 
5.0 

4.7 

5.7. 
5-4 
S.I 

6.3 

5.8 
5.5 

6.6 
6.3 
5.9 

2.3 
3. 1 
3.2 

3.6 
3.5 

3.4 

3.0 
2.9 

2.7 

3.4 
3.2 

3.1 

3.8 
3.6 
3.4 

4.1 
3.9 
3.8 

4.5 
4-3 
4.1 

4.9 
4.7 
4-4 

5.3 
5.0 
4.8 

5.6 

54 
5-1 

3.0 

1.9 
1.8 

2.3 
3.3 
3.  I 

3.6 

2.5 

3.4 

3.9 
3.8 

3.7 

3.3 
3.1 
3.0 

3.6 

3.4 
3  3 

3  9 

3.8 
3.6 

4.3 
4.1 
3.9 

4.6 
4.4 

4.2 

4.9 
4-7 
4.5 

34.0 

30.0 
17. 1 

15.0 

13.3 
13.0 

10.9 

10. 0 

9.2 

8.6 
8.0 
75 

7.1 
6.7 
6.3 

6.0 
57 
5.5 

5. a 

5.0 
4-8 


3WS 
Sags   are  computed  from   the  formula  ci  «■  ~p~  *"  which   W  —  $0  for 

single-track  lines. 


SPAN  WIRE  SAGS 
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Double-track  Line.  The  following  table  shows  the  sag  resulting 
in  spans  of  various  lengths  when  subjected  to  the  tensions  given,  a 
standard  span  weight  of  loo  Ibi  being  assumed.  This  is  a  conven- 
ient standard  weight  for  a  H-in.  steel  strand  span  which  supports 
a  length  of  lOo  ft.  of  two  oo  trolley  wires,  insulators  and  ears. 

Sag  in  Span  Wires — Double-track  Line 
Maximum  Sag  in  Inches  {c)  for  Weight  (W)  of  loo  Lb. 


Horizontal 
pull   on 
span  (P) 

in  pounds 

Length  of  span  (5)  feet 

30 

3S 

40 

45 

50 

55 

60 

65 

70 

75 

80 

SO 
100 

ISO 

200 

120.0 
60.0 
40.0 
30.0 

iso.o 
75. 0 
50.0 
37. 5 

180.0 
90.0 
60.0 
45.0 

210.0 

105.0 

70.0 

52. 5 

240.0 

120.0 

80.0 

60.0 

270.0 

135.0 

90.0 

67.5 

300.0 

150.0 

100. 0 

75.0 

330.0 

165.0 

IIO.O 

82.5 

360.0 

180.0 

120.0 

90.0 

390.0 

195.0 

130.0 

97.5 

420.0 
210.0 
140.0 
105.0 

250 
300 
400 

24.0 
20.0 
IS-0 

30.0 
25.0 
18.8 

36.0 
30.0 
22.5 

42.0 
35.0 
26.3 

48.0 
46.0 
30.0 

54.0 
45.0 
33.8 

60.0 
50.0 
37.5 

66.0 
55.0 
41.3 

72.0 
60.0 
45.0 

78.0 
65.0 
48.8 

84.0 
70.0 

52. s 

500 
6oo 
700 

12.0 

10. 0 

8.6 

15-0 

12. s 
10.7 

18.0 
15.0 
12.9 

21.0 

17. 5 
15.0 

24.0 
20.0 
t7.i 

27.0 
22.5 
19.3 

30.0 
25.0 
21.4 

33.0 

27.5 
23.6 

36.0 
30.0 
25.7 

39.0 
32.5 
27.9 

42.0 
35.0 
30.0 

8oo 

900 
1000 

7.S 

6.7 

6.0 

9.4 
8.3 
7.S 

II. 3 

10. 0 

9.0 

13. 1 
II. 7 
10. 5 

15.0 
13.3 

12.0 

16.9 
15.0 

13. 5 

18.8 
16.7 
15.0 

20.6 
18.3 
16.5 

22.5 
20.0 
18.0 

24.4 
21.7 
19.5 

26.3 

23.3 
21.0 

IIOO 
I200 

1300 

S-S 
S.o 
4.6 

6.8 
6.3 

S.8 

8.2 
7.S 
6.9 

-  9.6 
8.8 
8.1 

10.9 
10. 0 

9:3 

12.3 
II. 3 
10.4 

13.6 
12.5 
II. s 

15.0 
13.8 
12.7 

16.3 
15.0 
13.8 

17.7 
16.3 
15.0 

19. 1 
17. 5 
16.2 

1400 

ISOO 

1600 

4.3 
4.0 

3.8 

S.4 
5.0 

4.7 

^4 
6.0 

5.6 

7.4 
7.0 
6.6 

.  8.6 
8.0 

7.5 

9.6 
9.0 
8.4 

10.7 
10. 0 

9.4 

II. 8 
II. 0 
10.3 

12.9 
12.0 
II. 3 

13.9 
13.0 
12.2 

15.0 
14.0 
13. 1 

1700 
1800 
1900 

3.S 
3-3 
3.2 

4.4 
4.2 

4.0 

5.3 
S.o 

.4.7 

6.2 
5.8 
SS 

7.1 
6.7 
6.3 

7.9 
7.5 
7.1 

8.8 
8.3 
7.9 

9.7 
9/2 

8.7 

10.6 

10. 0 

9.5 

II. 5 
10.8 

10.3 

12.4 

II. 7 
II. I 

2000 
2100 
^200 

.3.0 
2.9 

2.7 

3.8 
3.6 

3.4 

4.S 
4.3 
4.1 

5.3 
5.0 
4.8 

6.0 
5.7 
5.5 

6.8 
6.1 

7.5 
7.1 
6.8 

8.3 
7.9 
7.5 

9.0 
8.6 
8.2 

9.8 
9.3 
8.9 

10.5 
10. 0 

9.5 

2300 
2400 
2500 

2.6 

2.5 
2.4 

3-3 
3.1 
3.0 

3.9 
3.8 
3.6 

4.6 
4.4 
4.2 

5.2 
5.0 

4.8 

S.9 

5.6 

5.4 

6.3 

6.0 

7.2 

6.9 
6.6 

7.8 

7.5 
7.2 

8.5 
8.1 
7.8 

9.1 

8.8 
8.4 

Sags  computed  frotn  the  formula 
and  a  =  10  for  double  track. 


3W(S-a)  .^  ^j^j^jj  jy 


100 


The  values  in  the  above  table  are  plotted  in  Figs.  25  and  26. 
For  other  sizes  of  wire  strand  or  trolley  the  weight  of  the  span  will  be 
different.  The  table  on  page  621  shows  the  "loading  factor*  or 
ratio  of  weight  of  various  spans  to  the  weight  of  the  assumed  stand- 
ard span  of  100  lb.  The  sag  given  in  the  above  table,  when  multi- 
plied by  the  proper  "loading  factor,"  will  give  the  sag  in  any' 
desired  span. 
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High  Conductivity  Trolley  Wire,  Round  and  Grooved 

(A.E.R.E.A.  Standard) 

MateriaL  The  material  of  which  high  conductivity  trolley 
wire  is  made  should  be  electrolytic  or  low  resistance  lake  cop- 
per wire  bars  of  quality  specified  by  standard  specifications  for 
electrolytic  copper  wire  bars,  cakes,  slabs,  billets,  ingots,  and 
ingot  bars,  or  lake  copper  wire  bars,  cakes,  slabs,  billets,  Ingots, 
and  ingot  bars,  adopted  by  the  American  Society  for  Testing 
Materials,  August  25,  1913.  Necessary  Jbrazes  in  trolley  wire 
should  be  made  in  accordance  with  the  best  commerical  practice, 
and  tests  upon  a  section  of  wire  containing  a  braze  shoidd  show 
at  least  95  per  cent,  of  the  tensile  strength  of  the  unbrazed  wire. 
Elongation  tests  should  not  be  made  on  test  sections  including 
brazes.  The  wire  should  be  of  uniform  size,  shape,  and  quality 
throughout,  and  should  be  free  from  all  scale,  flaws,  splits  and 
scratches  not  consistent  with  the  best  commercial  practice. 

Round  Trolley  Wire 
(A.E.R.E.A.  Standard) 

Dimensions.  Dimensions  of  round  trolley  wire  should  be  ex- 
pressed as  the  diameter  of  the  wire  in  dedmsd  fractions  of  an  inch, 
using  not  more  than  three  places  of  decimals;  i.e.y  in  even  mils. 
Wire  should  be  accurate  in  diameter.  Variations  of  i  per  cent, 
over  or  under  nominal  diameter  are  permissible.    . 

Tensile  Strength  and  Elongation.  Round  trolley  wire  should 
be  so  drawn  that  its  tensile  strength  will  not  be  less  than  the  mini- 
mum values,  nor  more  than  the  maximum  values,  and  its  elonga- 
tion not  less  than  the  minimum  values,  given  in  the  following 
table: 


Diameter,  in. 

Area,  cir.  mils 

Tetu-ile  strength,  lb. 
per  sq.  in. 

Elongation  in  10 
in.  (per  cent.) 

• 

Minimum 

Maximum 

0.460 
0.410 
0.365 

211,600 
i68,xoo 
133.300 

49.000 
50,000 
51,600 

S3.000 
S4.0OO 
56,000 

3-75 

3.25 

"^         2.80 

The  elongation  should  be  determined  as  the  permanent  increase 
in  length  due  to  the  breaking  of  the  wire  in  tension  measured  be- 
tween bench  marks  placed  upon  the  wire  originally  10  in.  apart. 
The  fracture  should  be  between  the  bench  marks  and  not  doser 
than  I  in.  to  either  bench  mark.  I 

Inspection  for  Defects.  For  the  purpose  of  determ^ng  and 
developing  defects  which  may  be  prejudicial  to  the  lifie  bf  trolley 
wire,  owing  to  its  pecujiar  service,  as  compared  to  that  Of  copper 
wire  for  other  purposes,  the  following  twisting  tests  should- be  made. 
Three  twist  tests  should  be  made  upon  samples  10  in.  loni  between 
the  holders  of  the  machine.  All  three  samples  should  pe  twisted 
to  destruction  and  should  not  reveal  under  test  any  seims,  pits, 
slivers,  or  surface  imperfections  not  consistent  with  the  best  com- 
mercial practice.    At  the  time  of  fracture  the  wire  should  be  twist- 
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Ing  with  reasonable  uniformity.    All  samples  should  withstand  the 
foUowing  minimum  number  of  turns  without  breaking. 


Diameter, 
in. 

0.460 
0.410 
0.36s 


Area, 
cir.  mils 

211,600 
168,100 
133.200 


Twist  in 
10  in. 

8 

9 
10 


The  twisting  machine  should  be  so  constructed  that  there  is  a 
linear  motion  of  the  tailstock  with  respect  to  the  head.  The  twist 
shall  be  applied  not  faster  than  ten  turns  per  minute. 

Resistivity.  Electric  resistivity  should  be  determined  upon  fair 
samples  by  resistance  measurements  at  a  temperature  of  20  deg.  C. 
(68  deg.  F.).  The  wire  should  not  exceed  in  resistivity  900.77  lb. 
per  mile  ohm. 

Density.  For  the  purpose  of  calculating  weights,  cross-sections, 
etc.,  the  specific  gravity  of  copper  should  be  taken  as  8.89  at  20 
d^.  C. 


S/6    Wire 


&/0   Wire 


yb     Wire 
Pig.  27. — ^American  standard  grooved  trolley  wire  sections. 
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Oroored  TrolleT  Win 

(A.E.R.Ej\.  Standard) 
Standard  sectionB  are  shown  by  Hg.  17.    These  are  known  as 

the  "  American  Standard  Grooved  Trolley  Wire  Sections,"  and 
have  been  adopted  as  standard  by  the  Am.  El.  Ry,  Eng.  Assil, 
the  Am.  Soc.  for  Testing  Materials,  and  many  wire  manufacturers. 
Dimenaions,  Dimensions  of  grooved  trolley  wire  should  be 
expressed  as  the  area  of  cross-section  in  circular  mils,  the  standud 
sizes  being  as  follows: 


i6i.ii 


Is  weiBhing  a, 


-■'0  lb!  S^  - 


II  lb.  p 


mite. 


Grooved  trolley  wire  may  vary  4  per  cent  over  and  under  in 
weight  per  unit  length  from  standard  as  determined  from  the 
nominal  cross-section. 

Fbydcal  Tests.  Physical  tests  on  grooved  trolley  wire  should 
be  made  in  the  same  manner  as  those  upon  the  round  wire  (see 
page  612).  The  tensile  strength  of  grooved  wire  should  be  at  least 
9S  per  cent,  of  that  required  for  round  wire  of  the  same  sectional 
area;  the  elongation  should  be  the  same  as  that  required  for  round 
wire  of  the  same  sectional  area.     The  twist  test  should  be  omitted. 

ResistiTity.  The  requirements  for  resistivity  are  the  same  as 
those  for  round  wire  of  the  same  sectional  area  (see  page  623). 


Selection  of  Poles 
The  selection  of  the  pole  for  trolley  line  construction  is  depend- 
ent upon  the  type  of  line  which  is  to  be  supported,  and  involves 
three  elements,  namely,  height  of  pole,  width  of  street  for  span 
construction,  and  sag  desired  in  span.  The  allowable  sag  having 
been  decided  upon,  Uie  next  step  is  to  find  the  horizontal  pull  for 
the  span  wire,    lliis  is  found  as  shown  on  pages  618  to  6ai, 
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and  the  pole  of  the  desired  length  must  then  be  selected  to  with- 
stand the  pull  thus  determined.  If  the  pole  selected  has  a  de- 
flection of  say  3  in.  for  the  required  pull,  then  the  pole  must  be 
given  a  3  in.  rake  if  it  is  desired  to  piill  it  up  vertically  when  the 
span  is  completed. 

Steel  Poles 

r 

Deflection. 

_Pl* 

in  which  x  =  deflection  in  inches,  18  in.  from  top  of  pole 
P  —  horizontal  pull,  18  in.  from  top  of  pole 
/  =  length  of  pole  from  point  of  application  of  P  to  ground 

line  (6  ft.  from  base  end),  in  inches 
E  =  modulus  of  elasticity  of  steel  (26,000,000) 
/  =  moment  of  inertia  of  base  section. 

Deflections  from  various  loadings  together  with  descriptions  of 
poles  are  given  in  the  following  tables.  The  variations  of  lengths  of 
the  sections  of  a  pole  within  commercial  limits  have  but  little  effect 
upon  its  strength,  stiffness,  or  weight.  The  section  lengths  given 
conform  closely  to  those  usually  employed.  In  general  a  number  of 
poles  will  satisfy  the  requirements,  and  choice  must  be  made  from 
those  of  the  proper  length.  Usually  the  Ugh  test  weight  pole  would 
be  selected  unless  the  deflection  was  considered  too  great,  in  which 
case  the  choice  would  be  determined  finally  by  the  deflection. 

Steel  Pipe  used  in  making  Poles.  All  steel  pipe  used  in  making 
up  poles  should  be  good  quality  of  mild  steel  of  uniform  thickness, 
free  from  bad  welds,  cold  shuts,  outside  sUvers,  cracks,  flaws,  open 
seams,  rivets  or  other  imperfections  which  would  affect  the  strength, 
life  or  appearance  of  the  pole.  The  table  on  page  630  gives  data 
on  steel  pipe  which  was  used  in  making  up  the  tables  on  pages  626 
to  629. 

Joints  in  Steel  Poles.  The  joints  should  be  18  in.  in  length  and 
should  be  made  hot  without  reducing  the  diameter  of  the  smaller 
pipe  more  than  H  in.,  and  without  any  reduction  in  the  thickness  of 
either  pipe.  The  completed  joint  should  caliper  the  same  outside 
diameter  for  its  entire  length,  should  be  free  from  cracks  or  flaws, 
and  should  be  water  tight.  Any  pole  when  dropped  three  times 
^rom  a  height  of  6  ft  upon  a  solid  wooden  block  on  a  rigid  base 
should  not  show  any  telescoping  at  the  joints. 

Ground  Sleeve.  A  ground  sleeve,  if  required,  should  be  made  of 
standard  weight  pipe  3  ft.  in  length;  it  should  be  shrunk  on  the 
butt  section  with  the  center  of  the  sleeve  6  ft.  from  the  base  of  the 
pole. 

Wood  Poles 

Classification    According   to   Purpose,    A.E.R.E.A.  Standard. 

To  determine  the  character  of  poles  to  be  used  in  trolley  line  con* 
struction,  they  may  be  diyided  mto  three  classes,  A,  B,  C. 

Class  A.  For  span  construction  on  streets  or  rights  of  way  where 
a  35  ft.  span  is  required,  or  for  heavy  feeder  lines  carrying  from 
one  to  six  c^oss-arms. 
40 
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Class  B.  For  span  or  bracket  construction  where  spans  are  not 
more  than  35  ft.,  or  bracket  line  construction  carrying  two  trans- 
mission circuits,  one  feeder  arm,  and  two  telephone  and  signal 
arms. 

Class  C.  For  constructing  telephone,  signal  and  other  light  aux- 
iliary lines  where  no  side  strain  is  required. 


«  Chestnut  Poles 

Minimum  Dimensions  of  Chestnut  Poles  in  Inches 

(A.E.R.E.A.  Standard) 


Class  A* 

Class  B* 

Class   C* 

Lensrth 

of  poles 

(feet) 

Circumference 

Circumference 

Circumference  - 

Top 
(inches) 

Six  feet 

from  butt 

(inches 

Top 
(inches) 

Six  feet 

from  butt 

tinches) 

Top 
(indhes) 

Six  feet 

from  butt 

(inches) 

as 
30 

35 

40 

45 
50 

55 
60 

»4 
24 
24 
24 

24 
24 

23 
23 
33 
33 
23' 

36 
40 
.43 
45 
48 
51 
54 
57 
60 

63 
66 

31 

33 
33 

23 
33 
23 
33 
23 
22 
23 
22 

31 
36 
40 
43 

47 
SO 

53 
56 

59 
62 

65 

20 
20 
20 
20 
20 
20 

30 

30 

33 
36 
40 
43 
46 
49 

6S 

70 

75 

*Seepi«e62S. 

Quality  of  Chestnut  Poles  at  Time  of  Delivery.  A  pole  should 
not  have  been  cut  over  2  years,  nor  should  it  have  been  cut  when 
dead.  It  sho\dd  not  be  shaved,  nor  should  it  have  acrackorlaige 
season  checks  or  short  crook  or  a  crook  or  sweep  in  two  planes,  or  a 
short  reverse  curve.  Poles  over  30  ft.  in  length  should  have 
less  sweep  than  the  shorter  poles  and  as  follows  (A.E.R.E.A. 
Standard) : 


Length 

35  ft. 
40  ft. 

45  ft. 
50  ft. 

SS  ft. 

60  ft. 
65  ft. 
70  ft. 


Sweep  not  over 
10  in. 
XI  in. 

10  in. 

11  in. 

12  in. 

13  in. 
'   14  in. 

IS  in. 


The  sweep  is  measured  between  the  6  ft.  mark  and  the  top  of 
the  pole. 

All  poles  should  have  sound  tops,  Poles  with  double  tops  should 
be  examined  carefully  for  split  tops  or  rot  where  the  two  parts 
join.  All  poles  should  have  reasonably  sound  butts.  Hollow 
butts  should  be  carefully  examined,  and  poles  having  them  re- 
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jected,  if  the  hole  runs  over  4  ft.  Poles  with  hollow  butts  should 
be  rejected  if  there  is  evidence  of  decay  at  the  further  end  of  the 
hole  inside  the  pole.  There  should  be  no  sap  rot.  There  should  be 
no  '^cat  faces"  unless  they  are  sound  and  small  and  the  pole  has 
an  increased  diameter  at  thereat  face."  There  should  be  no 
"cat  faces"  near  the  6  ft.  mark  or  within  lo  ft.  of  the  top. 
Poles  should  be  examined  carefully  for  black  knots,  hollow  knots  or 
projections  caused  by  overgrown  knots.  Overgrown  knots  should 
be  trimmed  off  and  examined  for  internal  rot.  There  should  be  no 
evidence  of  rot  at  knot  holes  nor  should  th^e  be  large  hollow 
knots.  There  should  be  no  top,  butt  or  black  knot  which  has  been 
pltigged.  The  pole  should  be  free  from  woodpeckers'  holes  or 
evidence  of  ants,  worms  or  grubs. 


Eastern  White  Cedar  Poles 
Minimum  Dimensions  op  Eastern  White  Cedar  Poles  in  Inches 

0 

(A.E.R.E.A.  Standard) 


Length  of  poles 
(feet) 


Class  A* 


Circumference 


Top 
(inches) 


Six  feet 

from  butt 

(inches) 


Class  B  • 


Circumference 


Top 
(inches) 


Six  feet 

from  butt 

(inches) 


Class  C* 


Circumference 


Top 
(inches) 


Six  feet 

from  butt 

(inches) 


30 

35 
40 

45 
SO 
55 
60 


24 

40 

22 

36 

iSH 

24 

43 

22 

38 

im 

24 

47 

22 

43 

im 

24 

50 

22 

47 

18^ 

24 

53 

•  22 

59 

18H 

24 

56 

22 

53 

24 

59 

22 

56 

33 

36 

40 

43 
46 
49 


*  See  page  625. 

Poles  should  be  of  the  best  quality  of  either  seasoned  or  live 
green  cedar  of  dimensions  given  in  the  above  table.  Seasoned  poles 
should  have  preference  over  green  poles,  provided  they  have  not 
been  held  for  seasoning  long  enough  to  have  developed  any  ob- 
jectionable timber  defects.  They  should  be  reasonably  straight, 
well  proportioned  from  butt  to  top,  both  ends  squared,  the  bark 
peeled  and  all  knots  and  limbs  closely  trimmed.  They  should  not 
be  shaved.  A  pole  should  not  have  dead  streaks  covering  more 
than  one-quarter  of  its  surface.  A  dead  pole  or  one  having  dead 
streaks  covering  more  than  one-quarter  of  its  surface  should 
be  rejected.  A  pole  having  dead  streaks  covering  less  than  one- 
quarter  of  it  surface  should  have  a  circumference  greater  than  other- 
wise required.  This  increase  in  the  circumference  should  be 
sufficient  to  afford  a  cross-sectional  area  of  sound  wood  equiva- 
lent to  that  of  a  pole  of  the  same  class. 

Fire  Killed  of  River  Poles,  No  dark  red  or  copper  colored 
pole  which,  when  scraped,  does  not  show  good  live  tunber  shoidd 
be   accepted.     No  pole  should  have  more  than  one  complete 
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twist  for  every  20  ft.  in  iengtli  nor  should  it  have  a  large  season 
check.  There  should  be  no  "cat faces"  unless  they  are  small  and 
perfectly  sound  and  the  poles  have  an  increased  diameter  at  the 
"cat  faces,  nor  have  "cat  faces ''near  the  6  ft.  mark  or  within  10 
ft.  of  the  top.  A  pole  shoidd  contain  no  sap  rot,  evidence  of  in- 
ternal rot  as  disclosed  by  a  careful  examination.  .There  should  be 
no  black  knots,  hollow  knots,  woodpeckers'  holes,  or  plugged  holes, 
and  no  pole  should  show  evidence  of  having  been  eaten  by  ants, 
worms  or  grubs,  except  that  poles  containing  worm  or  grub 
marks  below  the  6  ft.  mark  may  be  accepted.  A  pole  should  have 
a  sound  top  with  no  pencil  holes.  A  pole  having  a  double  top  of 
double  heart  should  be  free  from  rot  where  the  two  parts  or  hearts 
join.  A  pole  should  be  free  from  ring  rot  (rot  in  the  form  of  a  com- 
plete or  partial  ring) .  A  pole  should  not  have  a  short  crook  or  bend, 
a  crook  or  bend  in  two  planes  or  a  reverse  curve.  The  amount  of 
sweep,  measured  between  the  6  ft.  mark  and  the  top  of  the 
pole,  that  may  be  present  in  poles,  is  shown  in  the  following  table 
( A.E.R.E. A.  Standard) : 


I/ength 
35  ft. 
40  ft. 
45  ft. 
SO  ft. 

ss  ft. 
60  ft. 


Sweep  not  over 
10^  in. 
13     in. 
10     in. 

10  in. 

11  in. 
13     in. 


Poles  may  have  hollow  hearts  under  the  conditions  shpwn  in  the 
following  table  which  is  Standard  of  the  A.E.R.E.A.: 


Average  diameter  of  hollow  heart 


Add  to  butt  requirements  of 


30  ft.  poles 


35.40 

and 
45  ft.  poles 


50,  55.  60 

and 
65  ft.  poles 


3-in. 
3-ia. 
4-in. 

S'\TL 

6-m. 

7-m. 

8-m. 

9-in. 
lO-in. 
I  i-in. 
i2-in. 

1 3-in. 


Nothing 

I -in, 

2-in. 

3-in. 

4-in. 
Reject 
Reject 
Rfeject . 
Reject 
Reject 
Reject 
Reject 


Nothing 

Nothing 

Nothing 

l-in. 

3-in. 

4-in. 

6-in. 

Reject 

Reject 

Reject 

Reject 

Reject 


Nothing 
Nothing 
Nothing 
Nothing 

i-in. 

8-in. 

3-in. 

4-in. 

S-in. 

7^n. 

9-in. 

Reject 


Scattered  rot,  unless  it  is  near  the  outside  of  the  pole,  may  be 
estimated  as  being  the  same  as  heart  rot  of  equal  area.  Poles  with 
cup  shakes  (checks  in  the  form  of  rings)  which  also  have  heart  or 
star  checks  may  be  considered  as  equal  to  pc^es  having  hollow 
hearts  cKf.  the  average  diameter  of  the  cup  shakes. 
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Western  White  Cedar  Poles 
("Red  Cedar,"  "Western  Cedar,"  or  "Idaho  Cedar") 

Minimum  Dimensions  of  Western  White  Cedar  Poles  in 
Inches — (Circumference).    A.E.R.E.A.  Standard 


Length  of  poles  (feet) 


Class  A  • 


Top  28 


Butt 


Class  B* 


Top  25 


Butt 


Class  C* 


Top  22 


Butt 


30. 

35 

40. 

45- 
SO. 

SS. 
60. 

6S. 


37 
40 
43 
45 
47 
49 
52 
54 


It 

38 

40 

42 
44 
46 

48 


30 
32 

34 
36 
38 
40 
41 
43 


*See  page  625. 

Note:    "Top"  measurement  being  the  circumference  at  the  top  of  the 
pole,  and  the  "  butt"  measurement,  the  circumference  6  ft.  from  the  butt. 

Poles  should  be  of  the  best  quality  of  either  seasoned  or  live 
green  cedar.  Seasoned  poles  should  have  preference  over  green 
poles,  provided  they  have  not  been  held  for  seasoning  long  enough 
to  have  developed  any  objectionable  timber  defects.  Poles  should 
be  reasonably  straight,  well  proportioned  from  butt  to  top,  both 
ends  squared,  sound  tops,  the  bark  peeled,  and  all  knots  and 
limbs  closely  trimmed.  Large  knots,  if  sound  and  trimmed  dose, 
should  not  be  considered  a  defect.  A  pole  should  not  contain 
hollow  or  rotten  knots,  nor  should  it  contain  sap  rot,  woodpeckers' 
holes,  or  plugged  holes,  nor  show  evidence  of  having  been  eaten 
by  ants,  worms  or  grubs.  A  pole  should  not  be  dead  nor  should 
it  have  ^ead  streaks  covering  more  than  one-quarter  of  its  siir- 
face.  A  pole  having  dead  streaks  covering  less  than  one-quarter 
of  its  surface  should  have  a  circumference  greater  than  otherwise 
required.  The  increase  in  the  circumference  should  be  sufficient 
to  afford  a  cross-sectional  area  of  sound  wood  equivalent  to  that 
of  a  sound  pole  of  the  same  class.  A  pole  should  not  have  more 
than  one  complete  twist  for  every  20  ft.  in  length  nor  should  it 
have  a  large  season  check  or  crack.  No  pole  should  have  a  short 
crook  or  bend,  a  crook  or  bend  in  two  planes,  or  a  reverse  crook 
or  bend.  The  amount  of  sweep  measured  between  the  6  ft. 
mark  and  the  top  of  the  pole  should  not  exceed  i  in.  to  every  6  ft. 
in  length.  A  pole  should  have  no  "cat  faces,"  unless  they  are 
small  and  perfectly  sound  and  the  pole  has  an  increased  diameter 
at  the  "cat  face,"  nor  have  "cat  faces"  near  the  6  ft.  mark, 
or  within  10  ft.  of  its  top.  A  pole  having  cup  shakes  (checks  in 
the  form  of  rings)  should  contain  no  heart  or  star  shakes  which 
enclose  more  than  10  per  cent,  of  the  area  of  the  butt.  A  pole 
should  not  have  butt  rot  covering  in  excess  of  10  per  cent,  of 
the  total  area  of  the  butt.  The  butt  rot,  if  present,  must  be 
located  dose  to  the  center. 
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Rainforced  Concrete  Poles.  Fig.  zg  and  the  following  totmulas 
are  from  the  report  of  the  Committee  on  Power  Distribution, 
A.E.R.E.A.,  igi4.  The  square  section  is  more  efficient  and 
eoonomical  tliau  dther  the  hexagonal  or  the  octagonal.  The 
two  latter  were  developed  for  situations  in  which  the  Square  pole 
would  not  presmt  a  sufficiently  artistic  appearance. 


Fia.  as. — Proposeil  sections  to 


Arok  "  — -  (Approj.) 


Safe  load.  P,-  — 

-  -''  j_  ■     (ApproK.) 

In  which 

X  —  deflection  at  a   p«nt    i8  in,   below   top  of   pole, 

inches.     (See  note  below) 
P  —  horizontal  pull  at   a   point    tS   in.    below   top   of 

Kle,  pounds 
igth  of  pole  from  point  of  application  of  P  to 
the  ground  line  (6  ft.  from  base  end),  inches 
L  =  length  of  pole  from  point  of  application  o!  P  to 
the  ground  line  (6  ft.  from  base  ead),  feet 
El  ~  modulus  of  elaatidty  of  steel  used 
b  =  side  of  square  pole  or  distance  lietween  parallel 
ta.ces   of  hexagonal  or   octagonal  pole  at  ground 
line,  indies 
d  =  diameter  of  steel  rods,  inches 
Four  per  cent,  of  steel  used  in  all  sections. 
Note  ;    The  above  report  states  that  coeffidents  30, 40  and  47  of 
the  formulas  for  deflection,  respectively,  should  be  increased  gj 
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cracked  at  all  on  the 
tenaiixi  edge  the  con- 
stant may  reduce  to  as 
approiimaitely,  and 
that  for  concrete 
cracked  to  centet  ot 
pole  and  neutral  axis 
at  center,  the  constant 
may  incteaae  to  70,  ap- 
pcoxitnatdy.  The  taper 
ot  the  pole  wUl  also  tend 
to  increase  this  con- 
stant. Hence  it  can 
only  be  concluded 
Toughly  that  the  above 
formula  may  give  the 
:ir  deflections   tor   certain 

assumptions,  but   that 
'  the  range  of  variation 

nught,  under'  unusual 
conditions,  range  from 
33  per  cent,  less  to  100 
per  cent,  more  than  the 
values  (30,  40  or  47) 
given  in  the  formulas." 
The  values  in  the 
table  {pp.  637  to  639) 
from  the  "Miscellaneous 
Practice"  of  the  Amer- 
ican  Electric  Railway 
Engineering  Associa- 
tion are  calculated  on 
the  proposed  design  of 
3^*  a      rein  forced-concrete 

crop  pole  of  square  cross-sec- 

rorainiiBiy  tion^  shown  in  Fig.  30, 
Diimititi        Hannfactnre  rf  Re- 

— ^^     .te.aini      inforeed      Concrete 

Poles.    The  New  York 

I'-^H  State  Railways  Co.  is 

]K_/(|  r  successfully     manufac- 

LaJ  f  turing    four    standard 

li==*-i-  siaes  of  reinforced  con- 

Pic.  30.— PfopoMd  d«ign  (or  squBn:  ttmcrrte      ^ete   poles   as  follows: 

•""•  .  (i)    7    in.   top,   30   ft. 

long,  the  standard  trolley  pole  for  dty  construction  dthet  bncket 
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r  span;  (z)  7  in.  top,  35  ft.  long,  for  interurban  woi^;  (3)  8  in. 
_,        ,         a     *  topi  30  ft.  long,  for  heavy  city  con- 

struction; (4)  B  in.  top,  45  ft.  bng, 
tor  feeder  lines.  The  poles  are  cast 
ia  molds  consisting  of  three  sin. 
Georgia  [une  planks.  The  side 
planks  are  clamped  in  position  by 
means  of  z  X  4  in.  notched  sticks. 
The  chamfer  of  the  pole  comets  is 
provided  by  strips  of  triangular 
cross-secUon  nailed  inside  the  side 
planks.  Pieces  of  round  iron  ate 
iDserted  wherever  holes  in  the  pole 
are  required.  The  gains  are  made 
by  blocks  nailed  in  the  proper 
places.  The  concrete  mixture  con- 
sists of  one  part  cement,  two  parts 
^  sand  and  two  parts  broken  stone  of 
g  Ji  in.  to  M  in.  size.  The  concrete 
I    is  mixed  by  hand  and  transported 

Tin   a   hopper   of    i    ton   capacity 
handled  by  a  crane.     The  standard 
■S    ^  in.  X  30  ft.  pole  has  the  foliow- 
„    ing  rdnforcing:  twisted  steel  rods 
£    placed  about  r  in.  from  the  surface     | 
g    —four  «  in.  X  39M  ft.,  four  m  in. 
S     X  13  ft.,  four  W  in.  X  16  ft.,  and 
-g    touTMin.  XStt.    The  arrangement 
,.2    of  this  reinfocdng  is  shown  by  Fi^. 
3    31.       This   pole   weighs    appron- 
Q    mately  3200  lb.  and  costs  complete, 
I     including  alt  material   and   labor, 
<i,   maintenance  of  plant,  etc.,  $13.03 
.    at  the  place  of  tnanufacture.     Fig. 
£    32  shows  the  details  of  construction 
of  the  wooden  forms  tor  this  pole. 
The  poles  with  8-in.  tops  have  the 
same  arrangement   of   rods,  all  of 
which  are   a  in.  instead  01  H  in. 
The   longer    poles    have   the  rods 
lengthened  at  the  top  ends.     The 
specifications  tor  the  concrete  forms 
and  the  instructions  for  casting  the 
poles  are  given  below. 


hard  pine  and 
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come  higher  than  gain  block,  two  small  strips  are  to  be  placed  on  gain  block 
as  shown. 

Forms  should  be  oiled  before  using,  inside  and  out,  with  raw  linseed  oil. 
Holes  through  pole  for  bolts  should  be  made  by  blank  bolts,  same  size  as  hole, 
embedded  in  concrete  through  form  and  pulled  out  2  days  after  casting  pole. 

Bolts  should  be  loosened  by  turning  slightly  6  hours  after  i>ole  is  cast. 

Instrticiians  for  Casting  Concrete  Poles 

Before  casting  poles  oil  form  inside  with  a  mixture  of  one  part  black  oil 
and  one  part  gasoline.  This  oiling  to  be  done  immediately  before  casting 
pole. 

The  concrete  mixture  to  be  formed  from  one  part  cement,  two  parts  sand 
and  two  parts  stone,  measurement  to  be  made  by  volume. 

All  stone  used  to  be  clean  and  free  from  loam  or  dirt.  Thoroughly  wet 
the  stone  in  the  pile  before  mixing. 

Sand  to  be  free  from  loam  or  dirt.  Place  the  proper  amount  of  sand  on 
the  mixing  board  and  spread  out  to  a  thickness  of  4  in.  On  this  sand  place 
the  cement  and  turn  both  three  times,  after  which  apply  the  water  and  turn 
so  that  the  mass  is  entirely  wet.  Spread  out  this  mortar  again. in  a  4-in.  layer 
and  dump  the  stone  in  another  layer  on  top.  Turn  the  mortar  and  stone 
until  mortar  and  stone  are  thoroughly  intermixed.  The  concrete  mixture 
must  not  be  left  on  the  board  long  enough  to  require  retempering,  but  should 
be  placed  in  the  forms  at  once. 

In  placing  the  reinforcing  rods  great  care  must  be  used  to  properljr  locate 

them   and^  maintain    in    the 
proper  position. 

The  time  of  removing  of  side 
forms  and  moving  of  pole  to 
storage  will  vary  with  the 
weather,  but  in  no  case  shall  a 

Sole  be  lifted  until  ninety-six 
ours  have  elapsed  after  cast- 
ing. After  removal  from  the 
forms  the  pole  shall  be  painted 
with  a  mixture  of  one  part 
cement, and  one  part  sand,  the 
pole  being  wet  before  the  ap- 
plication of  this  paint. 

Remember  that  a  crack 
formed  in  a  pole  by  handling 
the  pole  when  it  is  too  green 
cannot  be  healed. 

In  the  storage  and  shipping 
of  poles  2-in.  cleats  must  be 
placed  between  the  separate 
hdrizontal  layers  of  poles  to 
allow  attachment  of  clamps 
for  handling. 

Tests  of  Concrete  Poles. 

From  tests  on  reinforced 
concrete  poles  carried  on 
under  the  direction  of  Mr. 
W.  R.  Molinard,  Oklahoma 
Gas  and  Electric  Co.  and 
Mr.  H.  M.  Fisher,  Nash- 
ville Railway  and  Light 
Co.  it  was  concluded  that 
hollow  poles  are  not  suc- 
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Pig.  33. — Tests  on  reinforced  concrete  poles. 


cessful  in  resisting  shearing  forces  from  the  ground  line  down, 
as  all  showed  shearing  failure  in  this  region.  After  failure  the 
tendency  of  the  concrete  on  the  compression  side  was  to  slide  by 
that  on  the  tension  side,  causing  a  shearing  action  in  the  side  walls. 
Poles  having  few  bars  with  some  butt  reinforcement  were  shown 
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to  be  preferable.  Hollow  poles  are  more  expensive  than  solid  ones, 
they  are  more  difficult  to  make  and  are  not  much  lighter  for  equal 
strength. 

Fig.  33  shows  stress*strain  diagrams  derived  from  tests  on  rein- 
forced concrete  poles  carried  on  under  the  direction  of  Mr.  Henry 
G.  Throop,  New  York  State  Railways.  These  curves  show  the 
deflections  of  these  poles  when  under  various  loads  and  bring  out 
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Pig.  34. — Typical  pole  construction,  trolley  and  one  transmission  line. 


the  fact  that  the  changes  from  the  standard  method  of  construc- 
tion involved  in  bunching  the  rods  are  not  justified  by  the  resulting 
slight  increased  strength  of  the  poles.  These  were  7  in.  X  30  ft. 
poles  made  of  a  mixture  of  one  part  cement,  two  parts  sand  and  two 
parts  of  stone.  The  reinforcement  of  pole  No.  i  consisted  of  four 
H-in.  twisted  rods  29H  ft.  long  placed  in  the  comers  and  four 
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H  in.  X  23  ft.  rods,  four  ^^  in.  X  16  ft.  rods  and  four  H  in.  X  8  ft. 
rods  evenly  spaced  along  the  sides.  (See  page  640.)  The  same 
construction  was  used  in  pole  No.  4.  Pole  No.  2  was  constructed 
in  the  same  manner  with  the  exception  that  three  of  the  center 
rods  on  each  of  the  two  sides  were  placed  back  of  the  rods  on  a  com- 
pression and  tension  side.    Pole  No.  3  was  constructed  in  the  same 
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Fig.  35. — Typical  pole  construction,  trolley  and  two   iz,000-volt  trans- 
mission lines. 

manner  as  pole  No.  i  with  the  exception  that  a  web  reinforcement 
of  No.  8  steel  wire  was  wound  around  the  various  reinforcing  rods 
at  intervals  of  5  in.  throughout  the  length 'of  the  pole,  /dl  the 
poles  were  aged  from  4  to  4^  months.  Poles  Nos.  2  and  3  were 
tested  simply  to  determine  whether  or  not  the  bunching  of  rein- 
forcement on  the  tension  and  compression  sides,  or  the  installation 
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of  web  reinforcement,  would  produce  enough  greater  strength  or 
stiffness  over  the  standard  method  of  construction  to  warrant  the 
expense  of  the  additional  reinforcement,  or  the  inconvenience  pro- 
duced by  the  necessity  of  placing  poles  like  No.  2  with  a  bunched 
reinforcement  in  such  a  position  that  the  tension  and  compression 
sides  would  always  be  perpendicular  to  the  direction  of  the  stress. 
For  testing  purposes  the  poles  were  set  6  ft.  in  the  ground  with  a  rake 
of  9  in.,  and  a  2-ft.  ring  of  concrete  i  ft.  thick  was  placed  on  the 
ground  line  and  also  at  the  butt.  Wooden  poles  were  placed  on 
the  ground  between  the  butts  of  two  of  the  concrete  poles  so  as  to 
maintain  the  base  of  the  latter  in  position.  In  the  tests  the  poles 
did  not  move  in  the  ground  more  than  H«  in.  A  Mo-in.  steel  cable 
was  connected  by  means  of  an  eye  bolt  through  the  pole  under 
test  at  a  point  21  ft.' above  the  ground  line,  and  a  5000  lb.  dyna- 
mometer was  placed  in  the  cable  close  to  the  pole.    The  cable  was 
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Pig.  36. — Typical  pole-top  construction,  two  22,000-volt  transmission  lines. 

passed  through  a  sheave  at  the  same  distance  from  the  ground 
oil  the  pole  opposite  the  one  under  test.  The  pull  was  applied 
by  means  of  a  set  of  tackle  blocks  in  increments  of  approximately 
200  lb.  up  to  failure.  Deflection  from  thte  vertical  was  measured 
at  the  pomt  of  attachment  of  the  cable  by  means  of  a  surveyor's 
transit. 

Typical  Railway  Transmission  Line  Construction.  Figs.  34  to  37, 
inclusive,  show  typical  11, 000- volt,  and  22,000-volt  pole  fine  con- 
structions from  the  practice  of  the  Connecticut  Company. 

Specifications  for  Overhead  Crossings  of  Electric  Light  and 
Power  Lines.    (Recommended  by  the  A.  E.  R.  E.  A.) : 

General  Requirements,  i.  Scope.  This  specification  shall 
apply  to  Overhead  Electric  Light  and  Power  Line  Crossings  (ex- 
cept trolley  contact  wires),  over  railroad  right-of-way,  tracks,  or 
lines  of  wires;  and,  further,  these  specifications  shall  apply  to 
Overhead  Electric  Light  and  Power  Wires  of  over  5000  volts  con- 
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stant  potential,  crossing  telephone,  telf^raph  or  other  ^milar  lines. 
It  is  not  intended  that  these  spedficationa  shall  apply  to  crossings 
over  individual  twisted  pair  drop  wires,  or  other  circuits  of  minor 
importance  where  equally  efiective  protection  may  be  secured 
more  economically  by  other  methods  of  construction, 

-1.  Locaiion.  The  poles,  or  towers,  supporting  the  crossing  span 
preferably  shall  be  outside  the  railroad  company's  right-of-way. 

3.  Unusually  long  crossing  spans  shall'  be  avoided  wherever 
practicable,  and  the  difference  in  length  of  the  crosang  and  adjoin- 
ing spans  generally  shall  be  not  more  than  50  per  cent,  of  the  length 
of  the  crossing  span. 

!  I 


FiG.  : 


—Typical  pole-top  cc 


4.  The  poles,  or  towers,  shall  be  located  as  far  as  practicable 
from  inflammable  material  or  structures. 

5.  The  poles,  or  towers,  supporting  the  crossing  span,  and  lie 
adjoining  span  on  each  side,  preferably  shall  be  in  a  str^ght  line. 

6.  The  wires,  or  cables,  shall  cross  over  telegraph,  telephone,  and 
similar  wires  wherever  practicable. 

7.  Cradles,  or  overhead  bridges,  shall  not  be  used  beneath  the 
cros^ng  wires  or  cables;  but  in  cases  where  the  crossing  wires  or 
cables  cross  beneath  the  railroad  wires,  telephone,  telegraph,  or 
other  similar  wires,  a  protection  of  adequate  strength  and  proper 
design  between  the  two  sets  of  crossing  wires  or  cables  may  be 
required. 

8.  Unless  physical  conditions  or  municipal  requirements  prevent, 
the  side  clearance  shall  be  not  less  than  li  ft.  from  the  nearest 
track  rail,  except  that  at  sidings  a  clearance  of  not  less  than  7  ft.  may 
be  allowed.  At  loading  sidings  sufficient  space  shall  be  left  for  a 
driveway. 

9.  The  clear  headroom  shall  be  not  less  than  30  ft.  above  the  top  of 
rail  under  the  most  unfavorable  condition  of  temperature  and 
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loading.  For  constant  potential,  direct-current  circuits,  not  ex* 
ceeding  750  volts,  when  paralleled  by  trolley  contact  wires,  Oie 
clear  headroom  need  not  exceed  25  ft. 

10.  The  clearance  of  alternating-current  circuits  above  any  ex- 
isting wires,  under  the  most  unfavorable  condition  of  temperature 
and  loading,  shall  be  not  less  than  8  ft.  wherever  possible.  For 
constant  potential,  direct-current  circuits,  not  exceeding  750  volts, 
the  minimum  clearance  above  telegraph,  telephone,  and  similar 
wires  may  be  2  ft.  with  insulated  wires  and  4  ft.  with  bare  wires. 

11.  The  separation  of  conductors  carrying  alternating  current, 

supported  by  pin  insulators,  for  spans  not  exceeding  150  ft.,  shall 

be  not  less  than : 

Line  voltage  Separation 

Not  exceeding  7,000  volts 12  in. 

Exceeding    7,000,  but  not  exceeding  14,000 20  in. 

Exceeding  14,000,  but  not  exceeding  27,000 30  in,' 

Exceeding  27,000,  but  not  exceeding  35»ooo. .......  36  in. 

Exceeding  35,000,  but  not  exceeding  47,000 as  in. 

Exceeding  47,000,  but  not  exceeding  70,000 00  in. 

For  spans  exceeding  150  ft.  the  pin  spacing  should  be  in- 
creased, depending  upon  the  length  of  the  span  and  the  sag  of  the 
conductors.* 

With  constant  potential  direct-current  circuits  not  exceeding 
750  volts,  the  minimum  spacing  shall  be  10  in. 

1 2.  When  supported  by  insulators  of  the  disk  or  suspension  type^ 
the  crossing  span  and  the  next  adjoining  spans  shall  be  dead  ended 
at  the  poles,  or  towers,  supporting  the  crossing  span,  so  that  at 
these  poles,  or  towers,  the  insulators  shall  be  used  as  strain  insula- 
tors, or  the  height  of  the  wire  attachments  shall  be  such  that  with 
the  maximum  sag  in  the  crossing  span  occurring  from  failure  of 
the  construction  outside  the  crossing  span,  and  taking  into  account 
the  deflections  in  the  strings  of  suspension  insulators,  the  minimum 
clearances,  as  given  in  Paragraphs  9  and  10,  shall  be  maintained. 

13.  The  dearance  in  any  direction  between  the  conductors  near- 
est the  pole,  or  tower,  and  the  pole,  or  tower,  shall  be  not  less  than: 

Line  voltage  Clearances 

•  Not  exceeding  10,000  volts 9  in. 

Exceeding  10,000,  but  not  exceeding  14,000 12  in. 

Exceeding  14,000,  but  not  exceeding  27.000 15  in. 

Exceeding  27,000,  but  not  exceeding  35,000 18  in. 

Exceeding  35,000,  but  not  exceeding  47,000 21  in. 

Exceeding  47,000,  but  not  exceeding  70,000. 24  in. 

14.  Conductors.  The  normal  mechanical  tension  in  the  conduc- 
tors generally  shall  be  the  same  in  the  crossing  span  and  in  the  ad- 
joining ^>an  on  each  side. 

15.  The  conductors  shall  not  be  spliced  in  the  crossing  span  nor 
in  the  adjoining  span  on  either  side. 

Taps  to  conductors  in  the  crossing  span  are  generally  objection- 
able, and  should  not  be  made  unless  necessary. 

16.  The  ties  or  devices  for  supporting  the  conductors  at  the  poles, 
or  towers,  shall  be  such  as  to  hold  the  wires,  under  maximum  load- 

*  NoTB.  This  requirement  does  not  apply  to  wires  of  the  same  phase  or 
polarity  between  which  there  is  no  difference  of  i>otential. 
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ing,  to  the  supporting  structures,  in  case  of  shattered  insulators, 
or  wires  broken  or  burned  at  an  insulator,  without  allowing  an 
amount  of  slip  which  would  materially  reduce  the  clearance  speci- 
fied in  Paragraphs  9  and  10. 

17.  Ground  wires  when  installed  as  protection  against  lightning, 
shall  be  thoroughly  grounded  at  each  of  the  crossing  supports. 
In  case  of  their  installation  on  steel  supporting  structures,  they  may 
be  clamped  thereto.  In  case  they  are  installed  on  wooden  struc- 
tures, the  ground  wire  shall  be  grounded  at  each  of  the  structures 
with  a  solid  copper  wire,  with  as  few  bends  as  possible,  and  no  sharp 
bends,  and  not  less  than  No.  4  B.  &  S.  gage  or  equivalent  copper 
section.  The  ground  wire  itself,  ib  the  crossing  span  and  the  ad- 
jacent spans,  may  be  of  the  same  material  as  the  conductors,  or  a 
steel  strand  not  less  than  M«  in.  in  diameter  may  be  used,  double 
galvanized,  and  having  a  breaking  strength  of  not  less  than  4500 
lb.  and  in  general  shall  follow  the  minimum  factors  of  safety,  as 
provided  for  the  rest  of  the  crossing  construction. 

If  cross-arms  are  grounded,  the  same  ground  wire  may  be  used 
for  grounding  the  lightning  protection  wire  as  in  groundling  cross- 
arm  strips. 

18.  Where  there  is  an  upward  stress  at  the  point  of  conductor 
attachment,  the  attachment  shall  be  of  such  type  as  to  properly 
hold  the  conductor  in  place. 

19.  Guys.  Wooden  poles  supporting  the  crossing  span  shall  be 
side-guyed  in  both  directions,  if  practicable,  and  be  head-guyed 
away  from  the  crossing  span,  and  the  next  adjoining  poles  shall  be 
head-guyed  toward  the  crossing  span.  Braces  may  be  used  in- 
stead of  guys. 

20.  Strain  insulators  shall  be  used  in  guys  from  wooden  poles, 
except  when  the  guys  are  through  grounded  to  permanently  damp 
earth. 

The  insulators  shall  be  i^aced  not  less  than  8  ft.  from  the  groimd. 
Strain  insulators  shall  not  be  used  in  guying  steel  poles  or  structures. 

21.  Clearing,  The  space  around  the  poles,  or  towers,  shall  be 
kept  free  from  inflammable  material,  imderbrush'  and  grass. 

22.  Signs.  In  the  case  of  railroad  crossings,  if  required  by  the 
railroad  company,  warning  signs  of  an  approved  design  shall  be 
placed  on  all  poles  and  towers  located  on  the  railroad  company's 
right  of  way. 

23.  Grounding.  For  voltages  over  5000  volts,  wooden  cross- 
arms,  if  used,  shall  be  provided  with  a  grounded  metallic  plate  on 
top  of  the  arm,  which  shall  be  not  less  than  H  in.  in  thickness  and 
which  shall  have  a  sectional  area  and  conductivity  not  less  than  that 
of  the  line  conductor.  Metal  pins  shall  be  electrically  connected 
to  this  ground.  Metal  plates  and  metal  arms  on  wooden  poles 
shall  be  grounded. 

24.  The  electrical  conductivity  of  the  ground  conductor  shall  be 
adjusted  to  the  short-circuit  current  capacity  of  the  system  at  the 
crossing  and  shall  be  not  less  than  that  of  a  No.  4  B.  &  S.  gage  copper 
wire. 

25.  Temperature.  In  the  computation  of  stresses  and  clearances, 
and  in  erection,  provision  shall  be  made  for  a  variation  in  tempera* 
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ture  from— 20  deg.  F.  to  -+-  120  deg.  F.  A  suitable  modification 
in  the  above  temperature  requirements  shall  be  made  for  regions  in 
which  the  above  limits  would  not  fairly  represent  the  extreme 
range  of  temperature. 

26.  Inspection,  If  required  by  contract,  all  material  and  work- 
manship shall  be  subject  to  the  inspection  of  the  company  crossed, 
provided  that  reasonable  notice  of  the  intention  to  make  shop 
inspection  shall  be  given  by  such  company.  Defective  material 
shall  be  rejected  and  shall  be  removed  and  replaced  with  suitable 
material. 

27.  On  the  completion  of  the  work,  all  false  work,  plant  and  rub- 
bish incident  to  the  construction  shall  be  removed  promptly  and 
the  site  left  unobstructed  and  clean. 

28.  Drawingi,    If  required,  by  contract,. 

( )  complete  sets  of  general  and  detail  drawings  shall  be  fur- 
nished for  approval  before  any  construction  is  commenced. 

29.  Loads.  The  conductors  shall  be  considered  as  uniformly 
loaded  throughout  their  length,  with  a  load  equal  to  the  resultant 
of  the  (kad  load  plus  the  weight  of  a  layer  of  ice  H  in*  in  thickness 
and  a  wind  pressure  of  8.0  lb.  per  square  foot  on  the  ic&<overed 
diameter,  at  a  temperajture  of  o  deg.  F. 

30.  The  weight  of  ice  shall  be  assumed  as  57  lb.  per  cubic  foot 
(0.033  lb.  per  cubic  inch). 

31.  Insulators,  pins  and  conductor  attachments  shall  be  designed 
to  withstand  the  mechanical  tension  in  the  conductors  under  the 
maximum  loadings  with  the  designated  factor  of  safety. 

32.  Sags  should  be  such  that  the*  stress  on  the  pin  falls  within  the 
limits  of  Paragraph  31,  unless  methods  be  employed  to  prevent 
an  undue  slip  in  case  of  pin  failure.     (See  Paragraphs  9, 10  and  16.) 

33.  The  i>ole,  or  towers,  shall  be  designed  to  withstand,  with  the 
designated  factor  of  safety,  the  combined  stresses  from  their  own 
weight,  the  wind  pressure  on  the  pole,  or  tower,  and  the  above  wire 
loading  on  the  crossing  span  and  the  next  adjoining  span  on  each 
side.  The  wind  pressure  on  the  poles,  or  towers,  shall  be  assumed 
at  13  lb.  per  square  foot  on  the  projected  area  of  solid  or  closed 
structures  and  one  and  one-half  times  the  projected  area  of  latticed 
structures. 

34.  The  poles,  or  towers,  shall  also  be  deagned  to  withstand  the 
loads  specified  in  Paragraph  33,  combined  with  the  unbalanced 
tension  of: 

2  broken  wires  for  poles,  or  towers,  carrying  s  wires  or  less. 

3  broken  wires  for  poles,  or  towers,  carrying  6  to  10  wires. 

4  broken  wires  for  poles,  or  towers,  carrying  1 1  or  more  wires. 

35.  Cross-arms  shall  be  designed  to  withstand  the  loading  speci- 
fied in  Paragraph  33,  combined  with  the  unbalanced  tension  of  one 
wire  broken  at  the  pin  farthest  from  the  pole. 

^6,  The  poles,  or  towers,  may  be  permitted  a  reasonable  deflec- 
tion under  the  specified  loading,  provided  that  such  deflection  does 
not  reduce  the  clearance  specified  in  Paragraph  10  more  than  25  per 
cent,  or  produce  stresses  in  excess  of  those  specified  in  Paragraphs 
69  to  73. 
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37.  Factors  of  Safety.  The  ultimate  unit  stress  divided  by  the 
allowable  unit  stress  shall  be  not  less  than  the  following : 

Wires  and  cables 2 

Pins 2 

Insulators,  conductor  attachments,  guys 3 

Wooden  poles  and  cross-arms 6 

Structural  steel 3 

Reinforced  concrete  poles  and  cross-arms 4 

Foundations 2 

Note.  The  use  of  treated  wooden  poles  and  cross-arms  is  recommended. 
The  treatment  of  wooden  poles  and  cross-arms  should  be  by  thorough  im- 
pregnation with  preservative  by  either  closed  or  open-tank  process.  For 
poles,  except  in  the  case  of  yellow  pine,  the  treatment  need  not  extend  higgler 
than  a  point  2  ft.  above  the  ground  line. 

38.  Insulators.  Insulators  for  line  voltages  of  less  than  9000 
shall  not  flash  over  at  four  times  the  normal  working  voltage,  under 
a  precipitation  of  water  of  H  in*  pet  minute,  at  an  inclination  of 
45  deg.  to  the  axis  of  the  insulator. 

39.  Each  separate  part  of  a  built-up  insulator,  for  line  voltages 
over  9000,  shall  be  subjected  to  the  dry  flash-over  test  of  that  part 
for  5  consecutive  minutes. 

40.  Each  assembled  and  cemented  insulator  shall  be  subjected 
to  its  dry  flash-over  test  for  5  consecutive  minutes. 

The  dry  flash-over  test  shall  be  not  less  than: 

Line  voltage  T««t^, 

Exceeding    9,000  but  not  exceeding  14,000 65,000 

Exceeding  14,000  but  not  exceeding  37,000 100,000 

Exceeding  27,000  but  not  exceeding  35,000 125,000 

Exceeding  35,000  but  not  exceeding  ^7,000 150,000 

Exceeding  47,000  but  not  exceeding  00,000 180,000 

Exceeding  60,009 three  times  line  voltage 

Each  insulator  shall  further  be  so  designed  that,  with  excessive 
potential,  failure  will  first  occur  by  flash-over  and  not  by  puncture. 

41.  Each  assembled  insulator  shall  be  subjected  to  a  wet  flash- 
over  test,  under  a  precipitation  of  water  of  H  in-  per  minute,  at  an 
inclination  of  45  deg.  to  the  axis  of  the  insulator. 

The  wet  flash*over  test  shall  be  not  less  than* 

Exceeding    9,000  but  not  exceeding  14,000 40,000 

Exceeding  14,000  but  not  exceeding  27,000 60,000 

Exceeding  27,000  but  not  exceeding  35,000 80,000 

Exceeding  35,000  but  not  exceeding  47,000. 100,000 

Exceeding  47,000  but  not  exceeding  60,000 120,000 

Exceeding  60,000 twice   the   line  voltage 

42.  Test  voltages  above  35,000  volts  shall  be  determined  by  the 
A.  I.  E.  E.  Standard  Spark-gap  Method. 

43.  Test  voltages  below  35,000  volts  shall  be  determined  by  trans- 
former ratio. 

44.  Material.  Conductors,  The  conductors  shall  be  of  copper, 
aluminum,  or  other  non-corrodible  material,  except  that  in  ex- 
ceptionally long  spans,  where  the  required  mechanical  strength 
cannot  be  obtained  with  the  above  materials,  galvanized  or 
copper-covered  steel  strand  may  be  used. 
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45.  For  voltages  not  exceeding  750  volts,  solid  or  stranded  con- 
ductors may  be  used  up  to  and  including  0000  in  size;  above  0000 
in  size,  stranded  conductors  shall  be  used.  For  voltages  exceeding 
750  volts,  and  not  exceeding  5000  volts,  solid  or  stranded  con- 
ductors may  be  used  up  to  and  including  00  in  size;  above  00  in  size, 
conductors  shall  be  stranded.  For  voltages  exceeding  5000  volts, 
all  conductors  shall  be  stranded.  Aluminum  conductors  for  all 
voltages  and  sizes  shall  be  stranded. 

The  minimum  size  of  conductors  shall  be  as  follows: 

No.  6  B.  &  S.  gage  copper  for  voltages  not  exceeding  5000  volts. 
No.  4  B.  &  S.  gage  copper  for  voltages  exceeding  5000  volts. 
No.  I  B.  &  S.  gage  aluminum  for  a]l  voltages. 

46.  Insulators.  Insulators  shall  be  of  porcelain  for  voltages 
exceeding  5000  volts. 

47.  For  pin  type  insulators,  there  shall  be  a  bearing  contact  be- 
tween the  pin  and  the  insulator  pin  hole  up  to  the  level  of  the  top 
of  the  tie  wire  groove,  the  purpose  being  that  the  pin  should 
directly  take  the  strain  imposed  upon  the  insulator. 

48.  Strain  insulators  for  guys  shall  have  an  ultimate  strength  of 
not  less  than  twice  that  of  the  guy  in  which  placed.  Strain  insula- 
tors shall  be  so  constructed  that  the  guy  wires  holding  the  insulator 
in  position  will  interlock  in  case  of  the  failure  of  the  insulator. 

For  less  than  5000  volts,  strain  insulators  for  guys  shall  not 
flash  over  at  four  times  the  maximum  line  voltage  under  a  precipi- 
tation of  water  of  H  in.  per  minute,  at  an  inclination  of  45  deg.  to 
the  axis  of  the  insulator.  For  voltages  of  more  than  5000  volts,  the 
strain  insulator  or  series  of  strain  insulators  shall  not  fail  at  the 
line  voltage  uVider  the  above  precipitation  conditions. 

49.  Pins,  For  voltages  of  5000  and  over,  insulator  pins  shall  be 
of  steel,  wrought  iron,  malleable  iron,  or  other  approved  metal 
or  alloy,  and  shall  be  galvanized,  or  otherwise  protected  from  cor- 
rosion.    (See  Paragraph  47.) 

$0.  Guys,  Guys  shall  be  galvanized  or  copper-covered  stranded 
steel  cable  not  less  than  M»  in.  in  diameter,  or  galvanized  rolled 
rods,  neither  to  have  an  ultimate  tensile  strength  of  less  than  4500 
lb. 

51.  Guys  to  the  ground  shall  connect  to  a  galvanized  anchor 
rod,  extending  at  least  i  ft.  above  the  ground  level. 

52.  The  detail  of  the  anchorage  shaU  be  definitely  shown  upon 
the  plans. 

53.  Wooden  Poles,  Wooden  poles  shall  be  of  selected  timber, 
reasonably  straight,  peeled,  free  from  defects  which  would  decrease 
their  strength  or  durability,  not  less  than  8  in.  in  diameter  at  the 
top,  and  meeting  the  requirements  as  specified  in  Paragraphs  19, 
33,  34  and  37. 

54.  Concrete,  All  concrete  and  concrete  material  shall  be  in 
accordance  with  the  requirements  of  the  Report  of  the  Joint  Com- 
mittee on  Concrete  and  Reinforced  Concrete. 

Note.  This  may  be  found  in  the  February,  1913,  Proceedings  of  the 
American  Society  of  Civil  Bn^rineers,  Vol.  LIX,  No.  2,  pp.  1 17-168. 

55.  Structural  SteeL  Structural  steel  shall  be  in  accordance 
with  the  Manufacturer's  Standard  Specifications. 


652  ELECTRIC  RAILWAY  HANDBOOK 

56.  The  design  and  workmanship  shall  be  strictly  in  accordance 
with  first-class  practice. 

57.  The  form  of  the  frame  shall  be  such  that  the  stresses  may  be 
computed  with  reasonable  accuracy,  or  the  strength  shall  be  deter- 
mined by  actual  test. 

58.  The  sections  used  shall  permit  inspection,  cleaning  and  paint- 
ing, and  shall  be  free  from  pockets  in  which  water  or  dirt  can 
collect. 

59.  The  length  of  a  main  compression  member  shall  not  exceed 
180  times  its  least  radius  of  gyration.  The  length  of  a  secondary 
compression  member  shall  not  exceed  220  times  its  least  radius  of 
gyration. 

60.  The  minimum  thickness  of  metal  in  galvanized  structures 
shall  be  H  in.  for  main  members  and  H  in.  for  secondary  members. 
The  minimum  thickness  of  painted  material  shall  be  H  in. 

61.  Protective  Coatings.  All  structural  steel  shall  be  thoroughly 
cleaned  at  the  shop  and  be  galvanized,  or  given  one  coat  of  approved 
paint. 

62.  Painted  Materials,  All  contact  surfaces  shall  be  given  one 
coat  of  paint  before  assembling. 

AU  painted  structural  steel  shall  be  given  two  field  coats  of  an 
approved  paint. 

The  surface  of  the  metal  shall  be  thoroughly  cleaned  of  all  dirt, 
grease,  scale,  etc.,  before  painting,  and  no  painting  shall  be  done  in 
freezing  or  rainy  weather. 

63.  Galvanized  Material,  Galvanized  material  shall  be  in  ac- 
cordance with  the  Specification  for  Galvanizing  Iron  and  Steel. 

Bolt  holes  in  galvanized  material  shall  be  made  before  galvanizing. 
Sherardizing  for  small  parts  is  permissible. 

64.  Foundations.  The  foundations  for  steel  poles  and  towers 
shall  be  designed  to  prevent  overturning. 

The  weight  of  concrete  shall  be  assumed  as  140  lb.  per  cubic  foot. 
In  good  ground,  the  weight  of  "earth"  (calculated  at  30  deg.  from 
the  vertical)  shall  be  assumed  as  100  lb.  per  cifbic  foot.  In  swampy 
ground,  special  measures  shall  be  taken  to  prevent  uplift  or 
depression. 

Concrete  for  foundation  shall  be  well  worked,  very  wet,  and  shall 
not  be  leaner  than  one  part  Portland  cement,  three  parts  clean, 
sharp  sand,  and  six  parts  of  broken  stone,  or  one  part  Portland 
cement  to  six  parts  of  good  gravel,  free  from  loam  or  clay. 

65.  The  top  of  the  concrete  foundation,  or  casing,  shall  be  not 
less  than  6  in.  above  the  surface  of  the  ground,  nor  less  than  i  ft. 
above  high  water,  except  that  no  foundation  need  be  higher  than 
the  base  of  the  railroad  company's  rail,  or  the  top  of  the  travelled 
roadway. 

66.  When  located  in  swampy  ground,  wooden  crossing  and  next 
adjoining  p>oles  shall  be  set  in  barrels  of  broken  stone  or  gravel,  or 
in  broken  stone  or  timber  footings. 

67.  When  located  in  the  sides  of  banks,  or  when  subject  to  wash- 
outs, foundations  shall  be  given  additional  depth,  or  be  protected 
by  cribbing  or  riprap. 

68.  AU  foundations  and  pole  settings  shall  be  tamped  in  6-in. 
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layers,  while  back-filling.    It  is  desirable  in  back-filling  that  the 
earth  be  suitably  moistened. 

Working  Unit  Stresses.  Obtained  by  dividing  the  ultimate 
breaking  strength  by  the  factors  of  safety  given  in  Paragraph  37. 

69.  Structural  Steel 

Tension  (net  section) 18,000  lb.  per  sq.  in. 

Shear 14,000  lb.  per  sq.  in. 

Compression i8»ooo  —  60  -    per  sq.  in. 

70.  RivetSt  Pins: 

Shear 10,000  lb.  per  sq.  in. 

Bearing 20,000  lb.  i>er  sq.  in. 

Bending 20,000  lb.  per  sq.  in. 

71.  Bolts: 

Shear 8,500  lb.  per  sq.  in. 

Bearing 17.000  lb.  per  sq.  in. 

Bending 17,000  lb.  per  sq.  in. 

72.  Wires  and  Cables: 

Copper,  hard-drawn,  solid,  B.  &  S.  gage  0000,  000,  00..  25,000  lb.  per  sq.  in. 

Copper,  hard-drawn,  solid,  B.  &  S.  gage  o 37,500  lb.  per  sq.  in. 

Copper,  hard-drawn,  solid,  B.  &  S.  gage  No.  i 37,500  lb.  per  sq.  in. 

Copper,  hard-drawn,  solid,  B.  &  S.  gage  No.  2,  4,  6.  .  30,000  lb.  per  sq.  in. 

Copper,  soft-drawn,  solid 17,000  lb.  pet  sq.  in. 

Copper,  hard-drawn,  stranded 30,000  lb.  per  sq.  in. 

Copper,  soft-drawn,  stranded 17,000  lb.  per  sq.  in. 

Aluminum,  hard-drawn,  stranded,  B.  &  S.  gage  under 

0000 1 2,000  lb.  per  sq.  in. 

Aluminum,  hard-drawn,  stranded,  B.  &  S.  gage  0000 

and  over 1 1,500  lb.  per  sq.  in. 

73.  Untreated  Timber: 

Lb.  per  / L   \ 

sq.  in.  V        60D ) 

Eastepi  white  cedar 600  600 

Chestnut 850  850 

Washington  ced^ 850  850 

Idaho  cedar 850  850 

Port  Orford  cedar 1150  1150 

Long-leaf  yellow  pine 1000  1000 

Short-leaf  yellow  pine 800  800 

Douglas  fir 900  900 

White  oak 950  950 

Red  cedar 700  700 

Bald  cypress  (heartwood) 800  800 

Redwood *.  650  650 

Catalpa - 500  soo 

juniper 550  550 

L  Bs  length  in  inches. 

D  a*  least  side,  or  diameter,  in  inches. 

Test  for  Galvanizing  or  Sherardizing 

(A.E.R.E.A.  Standard) 

The  coating  should  consist  of  a  continuous  coating  of  pure  zinc, 
zinc-iron  alloy  or  a  combination  of  the  two,  the  coating  to  be  of 
uniform  thickness  and  so  applied  that  it  adheres  firmly  to  the  iron 
or  steel.    The  finished  product  should  be  smooth. 

(a)  Cleaning  of  Samples:  The  sample  should  be  cleaned  before 
testing,  first  with  benzine  or  turpentine,  using  cotton  waste  (not 
with  a  brush),  and  then  thoroughly  rinsed  in  clean  water  and 
wiped  dry  with  clean  cotton  waste. 
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(b)  Test  Solution:  The  standard  solution  of  copper  sulphate 
consists  of  commercial  copper  sulphate  crystals  dissolved  in  cold 
water  about  in  the  proportion  of  36  parts  by  weight  of  crystals  to 
100  parts  by  weight  of  water.  The  solution  must  be  neutralized  by 
the  addition  of  an  excess  of  chemically  pure  cupric  oxide  (CuO), 
an  excess  of  which  is  shown  by  the  sediment  of  this  reagent  at  the 
bottom  of  the  container.  The  neutralized  solution  must  be 
filtered  before  using,  and  the  filtered  solution  must  have  a  specific 
gravity  of  1.186  at  18  deg.  C.  at  the  beginning  of  each  test.  This 
specific  gravity  is  to  be  obtained  by  the  addition  of  clean  water  if 
the  gravity  of  the  filtered  solution  is  too  high  or  by  the  addition  of  a 
filtered  solution  of  a  higher  specific  gravity  if  too  low.  The  un- 
filtered  neutralized  stock  solution  should  be  replenished  after 
each  removal  by  the  addition  of  more  copper  sidphate  crystals 
and  ^ater.  An  excess  of  cupric  oxide  should  always  be  kept  in  the 
unfiltered  stock  solution. 

(c)  Quantity  of  Solution:  Wire  samples  should  be  tested  in  a 
glass  jar  of  not  less  than  2  in.  inside  diameter  filled  to  a  depth  of 
not  less  than  4  in.  with  the  standard  solution  without  the  samples. 
Hardware  samples  should  be  tested  in  a  glass  or  earthenware  jar 
containing  not  less  than  H  pint  of  standard  solution  for  each 
sample.  A  new  solution  should  be  used  for  each  series  of  four 
immersions. 

(d)  Samples:  Not  more  than  seven  wires  should  be  simultane- 
ously immersed  and  not  more  than  one  sample  other  than  wire 
should  be  immersed  in  the  specified  quantity  of  solution.  Samples 
when  immersed  should  not  be  grouped  or  twisted  together. 

(e)  Method  of  Test:  The  samples  prepared  for  test  should  be 
immersed  in  the  specified  quantity  of  standard  solution,  the  tem- 
perature of  which  should  be  between  17  and  20  deg.  C  through- 
out the  test,  in  the  following  manner:  First,  immerse  for  i  minute, 
wash  and  wipe  dry;  second,  immerse  for  i  minute,  wash  and  wipe 
dry;  third,  immerse  for  i  minute,  wash  and  wipe  dry;  fourth, 
immerse  for  i  minute,  wash  and  wipe  dry.  The  samples  ^ould 
be  immediately  washed  in  clean  water  having  a  temperature  of 
1 7  to  20  deg.  C.  and  wiped  dry  after  each  immersion.  In  the  case 
of  sherardized  material,  the  specimens  must  be  vigorously  bru^ed 
in  running  water  after  each  dip.  *  In  testing  wire,  the  No.  1 2  B.W.G. 
and  smaller  sizes  should  be  required  to  stand  three  i -minute  and 
one  }^-minute  immersions.  If  after  the  test  above  described  the 
samples  show  a  bright  metallic  copper  deposit,  the  lot  represented 
by  the  samples  should  be  rejected  unless  the  deposit  is  on  zinc 
or  within  i  in.  of  the  cut  end.  If  only  one  wire  in  a  group  of 
seven  simultaneously  imimersed  should  fail,  or  if  there  is  reason- 
able doubt  of  the  copper  deposit,  two  check  tests  should  be  made 
upon  these  lots,  and  the  report  based  uj>on  the  majority  of  the  sets 
of  tests.  In  case  the  article  has  a  cut  screw,  the  thread  should  be 
recut  after  galvanizing  and  shall  stand  at  least  one  i -minute 
immersion  in  the  test  solution.  The  rest  of  the  article  should 
withstand  the  specified  four  immersions.  The  threads  of  nuts 
should  be  cut  after  the  nut  has  been  galvanized,  and  the  threads 
should  not  be  required  to  stand  the  test. 
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Electric  Wire  and  Cable  Tenninology,  A^ JLEJL  Standard 

NoTB.  Same  as  recommended  by  U.S.  Bureau  of  Standards,  circular  No.  37. 

1.  Wire,    A  slender  rod  or  filament  of  drawn  metal. 

The  definition  restricts  the  term  to  what  would  ordinarily  be  understood 
by  the  term  "solid  wire."  In  the  definition,  the  word  "slender"  is  used  in 
the  sense  that  the  length  is  ^eat  in  comparison  with  the  diameter.  If  a  wire 
is  covered  with  insulation,  it  is  properly  called  an  instilated  wire:  while  pri- 
marily the  term  "wire"  refers  to  the  metal,  nevertheless  when  the  context 
shows  that  the  wire  is  insulated  the  term  "wire"  will  be  understood  to  in- 
clude the  insulation. 

2.  Conductor,  A  wire  or  combination  of  wire$  not  insulated  from 
one  another,  suitable  for  carrying  a  single  electric  current. 

The  term  "conductor"  is  not  to  include  a  combination  of  conductors  in- 
sulated from  one  another,  which  would  be  suitable  for  carrying  several  difiEer- 
ent'  electric  currents.  Rolled  conductors  (such  as  bus  bars)  are,  of  course, 
conductors,  but  are  not  considered  under  the  terminology  here  given. 

3.  Stranded  Conductor.  A  conductor  composed  of  a  group  of 
wires  or  any  combination  of  groups  of  wires. 

The  wires  in  a  stranded  conductor  are  usually  twisted  or  braided  together, 

4.  Cable,    (i)  A  stranded  conductor  (single-conductor  cable); 

or  (2)  a  combination  of  conductors  insulated  from  one  another 

(midtiple-conductor  cable). 

The  component  conductors  of  the  second  kind  of  cable  may  be  either 
solid  or  stranded,  and  this  kind  of  cable  ma^r  or  may  not  have  a  common 
insulating  covering.  The  first  kind  of  cable  is  a  single  conductor,  while  the 
second  kind  is  a  group  of  several  conductors.  The  term  "cable"  is  applied 
by  some  manufacturers  to  a  solid  wire  heavily  insulated  and  lead  covered; 
this  usage  arises  from  the  manner  of  the  insulation,  but  such  a  conductor 
is  not  included  under  this  definition  of  "cable."  The  term  "cable"  is  a 
general  one  and  in  practice  it  is  usually  applied  only  to  the  larger  sizes.  A 
small  cable  is  calleaa  "stranded  wire"  or  a  "cord,"  both  of  which  are  defined 
above.  Cables  may  be  bare  or  insulated,  and  the  latter  may  be  armored  with 
lead  or  with  steel  wires  or  bands. 

5.  Strand.  One  of  the  wires  or  groups  of  wires  of  any  stranded 
conductor. 

6.  Stranded  Wire.    A  group  of  small  wires,  used  as  a  single  wire. 

A  wire  has  been  defined  as  a  slender  rod  or  filament  of  drawn 
metal.  If  such  a  filament  is  subdivided  into  several  smaller  filainents 
or  strands  and  is  used  as  a  single  wire,  it  is  called  "stranded  wire." 
There  is  no  sharp  dividing  line  of  size  between  a  "stranded  wire"  and  a 
"cable."  If  used  as  a  wire,  for  example,  in  winding  inductance  coils  or  mag- 
nets, it  is  called  a  stranded  wire  and  not  a  cable.  If  it  is  substantially 
insulated,  it  is  called  a  "cord,"  defined  below. 

7.  Cord,  A  small  cable,  veiy  flexible  and  substantially  insulated 
to  withstand  wear. 

There  is  no  sharp  dividing  line  in  respect  to  size  between  a  "cord" 
and  a  "cable,"  and  likewise  no  sharp  dividing  line  in  respect  to  the 
character' of  insulation  between  a  "cord  and  a  "stranded  wire."  Usually 
the  insulation  of  a  cord  contains  rubber. 

S..  Concentric  Strand.  A  strand  composed  of  a  central  core  sur- 
rounded by  one  or  more  layers  of  helically  laid  wires  or  groups  of  wires. 

9.  Concentric  Lay  Cable*  A  single  conductor  cable  comp)Osed  of  a 
central  core  surrounded  by  one  or  more  layers  of  helically  laid  wires. 

10.  Rope  Lay  Cable.    A  single    conductor  cable  composed  of 

acen^radcore  surrounded  by  one  or  more  layers  of  helically  laid 

groups  of  wires. 

TWar.kW  of  cable  differs  from  the  preceding  in  that  the  main  strands 
ar^  taeni^^ves  stranded.  . 
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zi.  N-Conductor  Cable.  A  combination  of  N  conductors  insu- 
lated from  one  another. 

It  is  not  iptended- that  the  name  as  here  given  be  actually  used.  One 
isrould  instead  speak  of  a  "3-conductor  cable,"  a  "12-conductor  cable,"  etc. 
In  referring  to  the  general  case,  one  may  speak  of  a  "  multiple-conductor 
cable"  (as  in  definition  No.  4  above). 

12.  N-Conductor  Concentric  Cable.     A   cable  composed  of   an 

insulated  central  conducting  core  with  (N— i)  tubular  stranded 

conductors  laid  over  it  concentrically  and  separated  by  layers  of 

insulation. 

Usually  only  2-conductor  or  3-conductof.  Such  conductors  are  used  in 
carrying  alternating  currents.  The  remark  on  the  expression  "  N-conductor" 
given  for  the  preceding  definition  applies  here  also. 

13.  Duplex  Cable,  Two  insulated  single-conductor  cables 
twisted  together. 

They  may  or  may  not  have  a  common  insulating  covering. 

14.  Twin  Cable,  Two  insulated  single-conductor  cables  laid 
parallel,  having  a  common  covering. 

15.  Triplex  Cable,  Three  insulated  single-conductor  cables 
twisted  together. 

They  may  or  may  not  have  a  common  insulating  covering. 

16.  Twisted  Pair,  Two  small  insulated  conductors  twisted  to- 
gether, without  a  common  covering. 

The  two  conductors  of  a  "twisted  pair"  are  usually  substantially  insu- 
lated, so  that  the  combination  is  a  special  case  of  a  "cord." 

17;  Tivin  Wire.  Two  small  insulated  conductors  laid  parallel, 
having  a  common  covering. 

Rubber  Insulated  Wire  and  Cable  for  Power  Distribution 

(A.E.R.E.A.  Standard) 

Grades.  Two  grades  of  rubber  insulation*  for  distribution  wires 
and  cables  are  designated  by  the  A.E.R.E.A.  as  "  Grade  A  Rubber 
Insulation''  and  "Grade  B  Rubber  Insulation.''  Grade  A  is  a  high- 
grade  insulation  for  use  on  circuits  of  working  pressure  not  - 
exceeding  15,000  volts.  Grade  B  is  for  use  where  a  cheaper 
insulation  is  desired  and  should  not  be  used  on  circuits  of  working 
pressure  in  excess  of  7000  volts. 

Conductor  Size  and  Stranding.  The  combined  area  of  the  wires  when 
laid  out  straight  and  measured  at  right  angles  to  their  axes  should 
not  be  less  than  the  specified  gage  or  circular  mils.  The  stranding 
should  be  concentric  and  in  accordance  with  the  following  table: 


Range  of  sizes 

Minimum  number  of  wires  in 
conductor 

Standard  stranding 

Flexible  stranding 

2,000,000-1,600,000  cir.  mils 

1,500,000-1,100,000  cir.  mils 

1,000,000-    550,000  cir.  mils 

500,000-    250,000  cir.  mils 

No.  0000-No.  I  A.W.G 

2-8 

127 

91 
61 

37 

19 

7 

I 

169 
127 

91 
61 

37 

19 

7 

Smaller  sizes 

Conductor  Material,    The  conductor  should  be  of  annealed  cop- 
per, conforming  to  the  standard  specifications  of  the  American 
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Society  for  Testing  Materials.  It  should  be  provided  with  a  heavy 
uniform  coating  of  commercially  pure  tin,  without  projeotions. 
The  tinning  may  be  tested  as  follows:  Samples  of  the  wire  should 
be  thoroughly  cleaned  with  alcohol  and  immersed  in  hydrochloric 
acid  of  specific  gravity  1.088  at  15.5  deg.  C.  (60  deg.  F.)  for  i 
minute.  Tliey  should  then  be  rinsed  in  pure  water  and  immersed 
in  an  aqueous  solution  of  sodium  sulphide  of  specific  gravity  1.142 
for  30  seconds  and  again  washed.  This  operation  should  be  re- 
peated three  times.  At  the  end  of  the  fourth  immersion  in  sodium 
sulphide  the  wire  should  show  no  sign  of  blackening.  The  sodium 
sulphide  solution  should  contain  an  excess  of  sulphur  and  should 
have  sufficient  strength  to  thoroughly  blacken  a  piece  of  untinned 
copper  wirein  5  seconds. 

Separator.  The  separator  may  consist  of  soft  cotton  yam  (which 
may  be  braided),  or  of  paper  or  muslin  tape.  The  separator  should 
allow  the  insulation  sufficient  contact  with  the  conductor  to  prevent 
the  conductor  sliding  in  the  insulation. 

Insulaiion  Thickness.  The  thickness  of  insulation  for  potentials 
up  to  7000  volts  should  be  the  minimum  allowed  by  the  National 
Board  of  Fire  Underwriters,  as  summarized  in  the  following  table. 


Working  voltage 

« 

A.W.G.  (B.  &  S.) 

0-600 

1500 

a$oo 

3500 

SOOO 

7000 

Thickness  of  insulation,  64ths  of  one  inch 

0 

14 
10 

3 
3 
3 

4 
4 
4 

6 
6 
6 

8 
8 
8 

12 

13 

12 

16 
16 
16 

8 
6 
4 

3 

4 
4 

4 
5 
5 

6 
6 
6 

8 
8 
8 

12 
12 

12 

16 
16 
16 

2 
I 
0 

4 
S 
5 

5 
6 
6 

6 

.     7 
7 

8 
8 
8 

12 
12 
12 

16 
16 
s6 

00 

000 

0000 

•     5 
5 

s 

6 
6 
6 

7 
7 
7 

8 
8 
8 

12 
12 
12 

i6 
16 
16 

Cir.  mils 

235,000 
300,000 
400,000 

6 
6 
6 

7 
7 
7 

8 
8 
8 

9 
9 
9 

12 
12 
12 

16 
x6 
10 

500,000 
600,000 
700,000 

6 
7 
7 

7     . 

8 

8 

8 
9 
9 

9 
10 
10 

12 
12 
12 

16 
16 
16 

.800,000 

900,000 

1,000,000 

7 

7 

7      . 

8 
8 
8 

9 
9 
9 

10 
10 
10 

12 
12 

12 

16 

■  .    16 
16 

1,250,000 
1,500,000 
1,750.000 
3,000,000 

8 
8 

8 

9 
9 
9 
9 

10 
10 

lb 
10 

11 
11 
11 
11 

14 
14 
14 

•14- 

x8 
18 
18 
18 

42 
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(For  higher  voltages,  the  thickness  of  insulation  will  depend  upon 
the  conditions,  of  service.) 

Instdaiion  Repairs  and  Joints,  If  exigencies  of  manufacture 
require  repairs  or  joints  in  the  insulation,  the  work  should  be  done 
in  such  a  wa^  as  to  leave  the  repaired  part  or  the  joint  and  all  parts 
affected  by  it  as  strong  and  durable  electrically  as  the  remainder 
of  the  insulation.  The  repairs  or  joints  should  be  properly  vulcan- 
ized in  a  mold  of  approximately  the  same  diameter  as  tJie  remainder 
of  the  insulation. 

Insulation  rubber  compound  should  be  thoroughly  and  properly 
vulcanized.  The  vulcanized  insulation  should  be  homogeneous  in 
character,  tough  and  elastic  and  should  be  concentric  about  the 
conductors  and  fit  tightly  thereto.  All  laps  or  seams  in  the  insula- 
tion should  be  as  strong  mechanically  and  electrically  as  the  rest  of 
the  insulation. 

*^  Grade  A  Rubber  Insulation."  (i)  A  30  per  cent,  fine  Para  or 
smoked  first  latex  Hevea  rubber  compoimd  with^  mineral  base 
should  be  furnished.  It  should  contain  only  the  following  ingredi- 
ents: Rubber,  sulphur,  inorganic  mineral  matter,  refined  solid 
paraffin  or  ceresine. 

(2)  It  should  not  contain  either  red  lead  or  carbon. 

(3)  The  vulcanized  compound  should  conform  to  the  following 
requirements,  when  tested  by  the  procedure  of  the  Joint  Rubber 
Insulation  Committee  (see  Proc.  A.I.E.E.,  Jan.,  19 14). 

(a)  Results  to  be  expressed  as  percentages  by  weight  of  the  whole 
sample. 

Maximum   Minimum 

Rubber 33.0  30 

Waxy  hydrocarbons 4.0        

Free  sulphur 0.7        


(b)  Results  to  be  taken  between  the  limits  given  in  proportion 
to  the  percentage  by  weight  of  rubber  found: 

Limits  allowed  for  30  per  cent,  rubber  compound: 

Saponifiable  acetone  extract i  .35  o.  55 

Unsaponifiable  resins o .  45  

Chloroform  extract o .  90  

Alcoholic  potash  extract 0. 55  

Specific  gravity i .  75 

Limits  allowed  for  33  per  cent,  rubber  compound: 

Saponifiable  acetone  extract i .  50  0.60 

Unsaponifiable  resins *      o.  so       

Chloroform  extract .* .  .  .        i .  00       

Alcoholic  potash  extract o .  60       

Specific  gravity i .  67 

(4)  The  acetone  solution  should  not  fluoresce. 

(5)  The  acetone  extract  (60  c.c.)  should  not  be  darker  than 
a  light  straw  color. 

(6)  Hydrocarbons  should  be  solid,  waxy  and  not  darker  than  a 
light  brown.    • 
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(7)  Chloroform  extract  (60  c.c.)  should  not  be  darker  than  a 
straw  color. 

(8)  Failure  to  meet  any  requirement  of  this  specification  should 
be  sufficient  cause  for  rejection. 

(9)  Contamination  of  the  compoimd,  such  as  by  the  use  of  im- 
pregnated tapes,  should  not  excuse  a  contractor  from  conforming 
to  this  specification. 

^^ Grade  B  Rubber  Insulation"  The  vidcanized  rubber  com- 
pound should  show,  when  analyzed  by  the  procedure  hereinafter 
specified,  not  less  than  27  per  cent,  of  rubber  gum. 

Five  chemical  te$ts  should  be  made  of  the  vulcanized  rubber 
compound  as  follows:  Acetone  extract,  alcoholic  potash  extract, 
chloroform  extract,  ash,  total  sulphur. 

The  sum  total  of  the  results  of  these  five  tests  should  not  exceed 
73  per  cent,  by  weight  of  the  total  compound. 

The  ash  test  should  be  supplemented  by  tests  to  determine  the 
quantity  of  substances  other  than  vulcanized  rubber  which  are 
combustible  but  not  soluble  in  acetone,  alcoholic  potash,  or  chloro- 
form, and  any  such  substance,  if  any,  should  be  counted  as  ash. 

The  tests  should  be  made  in  accordance  with  the  Underwriters 
Laboratories'  specification. 

Contamination  of  the  compound,  such  as  by  the  use  of  impreg- 
nated tapes,  should  not  excuse  a  contractor  from  conforming  to 
this  specification. 

Tensile  Strength  and  Elongation  of  Rubber  Insulation.  A  sample 
which  may  be  of  entire,  segmental,  or  approximately  rectangular 
cross-section,  should  be  cut  from  the  insulated  conductor  by  means 
of  a  sharp  knife.  The  sample  should  be  bent  in  every  direction 
to  magnify  and  reveal  any  surface  incision  or  imperfection  which 
may  exist.  A  portion  of  the  sample  without  such  defects  and 
having  a  free  length  of  not  less  than  2  in.  should  then  be  stretched 
at  the  rate  of  12  in.  per  minute  until  it  breaks;  another  sample 
should  be  stretched  to  three  times  its  length  and  immediately  re- 
leased. Marks  should  be  placed  on  the  insulation  before  its 
removal  from  the  conductor.  The  compound  should  conform  to 
the  following  limits: 


Thickness 

Property 

12/64  inches  or  less 

Over  12/64  inches 

Maximum 

Minimum 

Maximum 

Minimum 

Tensile  strength,  lb.  per 
sq.  in.  (each  sample) 

xooo 
S 

■  looo 

Elongation    in    2>in. 
length  at  Dreak  (times  origi- 
nal length} 

4 

Elongation     5     seconds 
after  release  when  stretched 
at  the  rate  of  12  in.  per  min- 
ute to  three  times  its  length. 

20% 

30% 

660 
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Electrical  Tests,  Each  length  of  conductor  insulated  with  the 
compound  should  be  tested  for  dielectric  strength  and  insulation 
resistance  before  the  application  of  any  outer  covering  other  than 
tape  or  braid,  after  at  least  12  consecutive  hours*  submersion  in 
water  and  while  still  submersed. 

Dielectric  Strength.  An  alternating-current  voltage  of  not 
less  than  twenty-five  nor  more  than  one  hundred  cycles  and  ap- 
proximately as  closely  as  possible  to  a  sine  wave  should  be  applied 
between  each  conductor  and  the  water  ^or  a  period  of  5  minutes. 
For  a  30-minute  test,  80  per  cent,  of  the  specified  voltage  should 
be  used.  Lead  sheathed  cables  after  being  finished  should  have  the 
test  voltage  applied  between  their  conductors  and  also  between 
all  of  the  conductors  and  the  sheath.  The  voltage  to  be  applied 
should  be  in  accordance  with  the  table  on  page  660.  The  initially 
applied  voltage  must  not  be  greater  than  the  working  voltage, 
and  the  rate  of  increase  should  not  be  over  100  per  cent,  in  10 
seconds.  The  conductor  must  not  show  any  weakening  of  its 
insulation  or  any  other  injury  under  this  test,  which  is  to  be  made 
before  the  test  for  insulation  resistance. 

Insulation  Resistance.  The  insulation  resistance  should  be 
measured  after  the  high  voltage  test  and  following  a  i -minute 
electrification  with  a  continuous  e.m.f .  of  not  less  than  icx)  nor  more 
than  500  volts,  and  the  results  corrected  to  the  standard  temperature 
at  15.5  deg.  C.  (60  deg.  F.).  All  test*  for  insulation  resistance 
should  be  made  at  a  temperature  within  10  deg.  C.  (18  deg.  F.)  of 
this  standard  temperature.  The  insulation  resistance  of  each  con- 
ductor of  multiple  conductor  cables  should  be  the  insulation  re- 
sistance measured  between  each  conductor  and  all  the  other  con- 
ductors connected  to  the  sheath  or  water.  The  insulation  resist- 
ance should  be  not  less  than  given  in  the  table  on  page  661. 

The  insulation  resistance  at  any  given  temperature  should  be  re- 
duced to  that  at  15.5  deg*  C.  (60  deg.  F.)  by  dividing  by  the  coeffi- 
cient in  the  following  table  corresponding  to  that  temperature  for 
Grade  A  and  Grade  B«insulation: 


Temperature, 
deg.  C. 

1 

Coefficient  should 

be   not   greater 

than 

Temperature, 
deg.  C. 

Coefficient  should 
be  nolT  less  than 

7 
8 

9 

10 
II 
12 

13 
14 
IS 
15-5 

1-53 
1.4s 
1.37 

1.30 
1.23 

1. 17 

1. 12 
1.07 
1.02 
1. 00 

16 

17 
18 

.19 

30 
2i 

22 
23 

24 
25 

0.98 
0.93 
0.89 

0.85 
0.81 
0.77 

<K73 
0.70 

0.67 
0.64 
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Temperature, 
deg.  F. 

Coefficient  should 
be  not   greater 
than 

Temperature, 

Coefficient  should 

be  not  less 

than 

46 

47 
48 
49 

50 
51 
52 

53 

54 
55 
56 

57 

58 

59 
60 

1.44 
1. 41 
1.37 
1.34 

1.30 
1.27 
1.24 
1.20 

1.17 
1. 14 
I. II 
1.09 

1.06 
1.03 
1. 00 

60 
61 
62 
63 

54 
65 

66 
67 

68 
60 
70 
71 

72 

73 

74 
IS 

I.OOO 

0.974 
0.949 
0.925 

0.901 
0.878 
0.855 
0.833 

0.812 
0.791 
0.771 
0.7SI 

0.73^ 
0.713 
0.695 
0.677 

Weatherproof  Braid 

Weatherproof  braid  should  consist  of  the  required  number 
of  fine,  smooth,  closely  woven  braids,  all  of  which  must  be 
thoroughly  saturated  with  a  dense  waterproof  compK)und  having  the 
properties  hereinafter  specified.  The  impregnated  braids  should  be 
uniformly  covered  with  a  continuous  layer  of  suitable  weatherproof 
compound  which  should  adhere  firmly  to  the  braids.  The  outer 
surface  should  be  thoroughly  slicked  down. 

Tape,  The  tape  should  be  of  cotton  thoroughly  saturated  with  a 
waterproof  rubber  compoimd  and  of  proper  weight  and  width. 

Weatherproof  Compound,  The  weatherproof  compound  should 
be  such  as  to  have  no  injurious  action  upon  the  insulation  of  the 
braid  and  it  should  be  insoluble  in  water;  it  should  be  sufficiently 
elastic  between  the  temperature  of  4.5  deg.  C.  (40  deg.  F.)  and  32 
deg.  C.  (90  deg.  F.)  so  that  the  completed  wire  can  be  bent  to  a 
radius  of  ten  times  its  outside  diameter  without  showing  cracks  in 
the  finished  surface:  of  the  wire  or  squeezing  out  of  the  weatherproof 
compound.  The  weatherproof  compound  should  be  of  such  nature 
that  it  will  not  crack  when  the  finished  wire  is  subjected  to  a  tem- 
perature of  —23.3  deg.  C.  (— 10  deg.  F.),  and  that  it  will  meet  the 
requirements  when  the  finished  wire  is  subjected  to  the  following 
melting  test. 

Melting  Test  for  Weatherproof  Compound,  Short  samples  of  the 
finished  conductor  should  be  placed  on  a  piece  of  clean  white  paper 
in  an  oven  and  should  be  subjected  to  a  temperature  of  52  deg.  C. 
(125  deg.  F.)  for  H  hour.  The  compound  should  not  become 
sufficiently  fluid  to  form  a  ridge  upon  the  paper  perceptible  to  the 
fingers,  or,  in  case  the  compound  should  be  absorbed  by  the  paper, 
to  show  a  greasy  or  oily  spot  upon  the  paper,  nor  should  the  com- 
pound show  a  tendency  to  flow  toward  the  bottom  of  the  con- 
ductor, thus  exposing  the  cotton  fiber  of  the  braid  at  the  top. 
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Application  of  Braid  and  Tape.  If  the  conductor  is  to  be  finished 
with  a  braid,  all  conductors  smaller  than  No.  8  A.W.G.  should  be 
double  braided,  No.  8  and  larger  to  be  double  or  single  braided  as 
required.  The  outside  braids  should  be  not  less  than  Ha  in.  thick 
and  the  inside  braid  not  less  than  H4  in.  thick.  Single  braid 
should  be  not  less  than  Ha  in.  thick.  When  multiple  conductor 
cables  are  specified,  the  rubber  insulation  on  each  conductor  should 
be  covered  with  a  layer  of  tape  overlapping  not  less  than  one-quarter 
of  its  width.  In  the  case  of  two  conductor  cables  the  separate  con- 
ductors thus  finished  should  be  laid  side  by  side  and  an  outer  cov- 
ering of  single  braid  not  less  than  Ha  in.  thick  should  be  then 
appBed.  In  the  case  of  three  or  more  conductors  the  taped  conduc- 
tors should  be  twisted  together  with  a  suitable  lay  of  at  least  one 
complete  twist  in  24  in.,  th^  interstices  being  filled  with  sufficient 
jute  to  make  the  core  of  circular  cross-section.  Over  this  core  should 
then  be  applied  a  tape  with  an  overlap  of  at  least  H  in.  and  the  outer 
covering  of  braid  not  less  than  Ha  in.  should  then  be  applied. 

Lead  Cable  Sheath 

Composition  and  Thickness  of  Lead  Cable  Sheath,     If  the  wire 

or  cable  is  to  be  furnished  with  a  lead  sheath  instead  of  an  outer 

covering  of  braid,  as  provided  in  the  preceding  paragraph,  there 

should  be  tightly  formed  about  the  core  a  lead  sheath  of  uniform 

thickness  not  less  than  that  indicated  in  the  following  table: 

Diameter  of  core  in  mils  Thickness  of  sheath 
Under  2000  H  in. 

2000-2699  Hi  in. 

2700  and  over  Ha  in.    - 

A  sheath  having  an  internal  diameter  of  less  than  2  in.  should 
consist  of  commercially  pure  lead;  a  sheath  having  an  internal  diam- 
eter of  2  in.  or  more  shovdd  consist  of  an  alloy  containing  not  less 
than  98  per  cent,  of  commercially  pure  lead  and  not  less  than  i 
per  cent,  of  commercially  pure  tin. 

Cable  Armor 

Protection  Under  Armor.  Rubber  insulated  cable  covered  with 
tape,  braid,  or  other  suitable  protection,  or  the  lead  sheath  should 
be  run  through  a  hot  asphalt  compound,  served  with  a  layer  of  jute 
yam,  run  through  hot  asphalt  again,  and  then  laid  with  galvanized 
wire  armor. 

Size  of  Armor  Wire.  The  proper  size  of  armor  wire  will  depend 
upon  the  conditions  of  service;  the  latitude  allowed  in  the  following 
table  represents  the  difference  arising  from  such  difference  in  service 
conditions.    The  armor  wire  should  be  the  minimum  size. 


Diameter  of  cable  undo* 
jute  beddingt  inches 

Armor  wire,   U.  S. 
(steel)  W.G. 

Jute  bedding  under  ar- 
mor measured  in  fin- 
ished cable 

0.00-0,50 
0,44-0 .69  ■ 
0.03-1.00 
0.88-1.50 
1.25-2.00 
1 .  30-larger 

14-13 

12 

10 

8 

6 

4 

He  in.  minimum 
Hs  in.  minimum 
Hs  in^  minimum 
i9  in.  minimum 
H«  in.  minimum 
Hs  in.  minimum 
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Lay  of  Armor.  The  armor  should  be  applied  closely  without 
appreciable  space  between  adjacent  wires.  The  lay  should  be  from 
eight  to  twelve  times  the  pitch  diameter.  Successive  layers  of  jute 
or  jute  and  armor  should  be  laid  in  opposite  directions;  The 
direction  of  lay  is  the  lateral  direction  in  wnich  the  wires  run  over 
the  top  of  the  cable  as  they  recede  from  an  observer  looking  along 
the  axis  of  the  cable. 

Finish  of  Armored  Cable,  If  an  outer  covering  is  required,  the 
armored  cable  should  be  run  through  hot  asphalt  compound,  served 
with  a  layer  of  the  best  three-ply  14-lb.  hard  twisted  jute  yarn  in 
a  dose  short  lay,  run  through  hot  asphalt  compound,  then  served 
with  a  second  layer  of  three-ply  14-lb.  jute  yam,  run  through  hot 
asphalt  compound  and  finally  run  through  some  material  to  pre-* 
vent  sticking. 

Material  of  Armor  Wire,  All  armor  wire  should  consist  of  gal- 
vanized mild  steel  wire  of  uniform  diameter,  free  from  all  cracks, 
splits,  or  other  flaws;  it  should  be  of  such  softness  that  it  will  easily 
take  a  permanent  set  and  give  great  pliability  to  the  cable,  permit- 
ting it  to  be  coiled  evenly  and  smoothly  and  showing  no  tendency  to 
rise  or  spring  in  the  flakes. 

Tensile  Strength  of  Armor  Wire,  Armor  wire  should  have  a 
tensile  strength  of  not  less  than  60,000  lb.  per  square  inch  of  cross- 
section  and  an  elongation  of  not  less  than  10  per  cent,  in  10  in. 

Flexibility  of  A  rmor  Wire.  The  armor  wire  should  admit  of  bend- 
ing around  a  spindle  of  ten  times  the  diameter  of  the  wire  and  back 
again  without  developing  cracks  of  the  galvanizing  which  are  visible 
to  the  nak^  eye. 

Galvanizing  of  Armor  Wire.  (For  tests,  see  page  653,  Test  for 
Galvanizing  or  Sherardizing). 

Steel  Tape  Armor,  If  the  cable  is  to  be  armored  with  steel  tape 
the.core  covered  witib  tape  braid  or  other  suitable  protection  shoiUd 
be  run  through  a  bath  of  hot  asphalt  compound,  served  with  a  layer 
of  14-lb.  jute  yum,  spun  on  with  a  close  short  lay,  mn  through  hot 
asphalt  compound,  armored  with  a  steel  tape;  armored  with  second 
steel  tape;  mn  through  hot  asphalt  compound,  served  with  a  layer 
of  loo-lb.  jute  yam  with  a  close  short  lay,  run  through  hot  asjAalt- 
compound  and  finished  by  running  through  some  material  to  prevent 
sticking.  The  layers  of  jute  should  be  applied  in  the  reverse  direc- 
tions. The  space  between  adjacent  tums  of  steel  tape  should  not 
exceed  one-tenth  the  width  of  the  steel  tape. 

Thickness  of  Armor  and  Jute  under  Armor, '  The  tape  and  jute 
under  armor,  after  armoring,  should  conform  to  the  following  table-. 


Cable  diameter 

Maximum  width 

Minimum  thick- 

Minimum thick- 

before armoring^ 

steel  tape. 

ness  each  tape. 

ness  under 

inches 

inches 

inches 

armor,  inches 

0.4s 

0.50 

0.02 

0.06 

0.46-0.75 

0.7s 

0.02 

0.06 

0.76-1.00 

1. 00 

.      0.03 

0.07 

I. 01-1.40 

I. 25 

0.03 

0.07 

I. 41-1. 70 

I.  SO 

0.04 

0.08 

1. 71-2. 00 

1. 75 

0.04 

0.08 

2 .  oi-over 

2.00 

0.05 

0.09 
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Galvanizing  of  Armor  Tape,  (For  tests,  see  page  653,  Test  for 
Galvanizing  or  Sherardizing). 

Single  Conductor,  Paper  Insulated,  Lead  Covered  Cable  for 
zaoo  Volts.  The  cable  is  composed  of  a  single  conductor,  covered 
with  paper  tape  to  the' required  thickness.  The  paper,  soaked  in 
a  suitable  insulating  compound,  is  covered  with  a  lead  sheath  of 
the  required  thickness.  The  completed  cable  and  the  material 
of  which  it  is  made  should  conform  to  the  requirements  of  the 
following. 

Conductor,  The  conductor  should  consist  of  annealed  copper 
wires,  free  from  splints,  flaws,  or  other  defects,  concentrically 
stranded  together  in  reverse  spiral  layers,  and  having  an  aggregate 
cross-sectional  area  when  measured  at  right  angles  to  the  axes  of 
the  individual  wires  at  least  equal  to  the  area  of  the  specified  size, 
and  in  accordance  with  the  following  table:. 


Size  of  conductor 


No.  of  wires 


0.162  in.-0.304  in.  diameter. 
0.229  in.-0.2s8  in.  diameter. 
0.289  in.-o.460  in.  diameter. 

300,000-500,000  cir.  mils. . . 

600,000-1,000,000  cir.  mils.. 
1,100,000-1,500,000  cir.  mils  . 
1,600,000-and  larger  cir.  mils. 


I 

7 

19 

37 

61 

91 
127 


Intermediate  sizes  take  the  stranding  of  the  next  larger  listed  size. 
Each  of  the  individual  wires  should  have  a  resistivity  of  not  more 
than  888.55  ohms  (mile,  pound),  at  20  deg.  C. 

Insulation,  The  highest  grade  of  pure  manila  rope  paper  tape 
should  be  applied  heUcally  and  evenly  to  the  conductor  until  the 
required  thickness  of  paper  is  obtained.  All  moisture  should  be 
expelled  from  the  paper  by  baking  in  suitable  ovens;  it  should  then 
be  thoroughly  saturated  with  the  insulatiug  compound  of  the  re- 
quired kind  and  quality.  The  paper  tape  must  be  applied  to  the 
conductor  in  such  a  manner,  and  the  insulating  compound  must  be 
of  such  a  nature,  that  the  cable  will  be  capable  of  being  bent  to  a 
radius  of  12  in.  when  wound  on  reels  and  taken  therefrom  and 
put  into  place,  at  any  temperature  between  o  and  100  deg.  F., 
without  damage  to  the  insulation  or  sheath.  The  insulating  com- 
pound should  contain  no  substance  which  will  subject  the  paper  or 
conductor  to  deterioration,  and  it  should  be  of  such  composition  as 
to  maintain  the  insulation  in  a  soft,  plastic  state  at  all  seasons  of  the 
year. 

Sheath.  A  sheath  of  uniform  thickness,  not  less  than  H  in.  for 
cable  under  i^  in.  core  diameter,  and  not  less  than  %a  in.  for  cable 
with  core  diameter  i^^  in.  and  larger,  should  be  tightly  formed  about 
the  core.  A  sheath  having  an  internal  diameter  less  than  iH  in. 
should  consist  of  commercially  pure  lead.  A  sheath  having  an 
internal  diameter  of  iH  in.  or  more  should  consist  of  an  alloy  con- 
taining not  less  than  98  per  cent,  of  commercially  pure  lead  and  not 
less  than  i  per  cent,  of  commercially  pure  tin. 

Electrical  Test,    Each  length  of  cable  should  be  given  the  follow- 
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ing  dielectric  strength  and  insulation  resistance  tests  when  me- 
chanical operations  of  its  construction  are  completed. 

High  Voltage  Test.  An  alternating  current  of  5000  volts 
should  be  applied  between  the  conductor  and  the  lead  ^eath  for  a 
p>eriod  of  5  minutes.  The  cable  must  not  show  any  weakening  of 
its  insulation  or  any  other  injury  under  this  testy  which  is  to  be  made 
before  the  test  for  insulation  resistance.  The  frequency  of  the  test 
voltage  should  not  exceed  100  cycles  per  second  and  should  ap- 
proximate as  closely  as  possible  to  a  sine  wave.  The  initially 
applied  voltage  should  not  be  greater  than  the  working  voltage,  and 
the  rate  of  increase  should  not  be  over  100  per  cent,  in  lo  seconds. 

Insulation  Resistance.  Immediately  after  the  dielectric  test, 
a  test  should  be  made  for  insulation  resistance.  The  measurement 
shotild  be  taken  after  i  minute  electrification,  using  an  e.m.f.  of 
not  less  than  100  volts,  and  should  be  not  less  than  50  megohms  per 
mile  at  60  deg.  F. 

High  Voltage,  Three  Coaductor,  Paper  Insulated,  Lead  Covered 
Cable.  The  cable  should  be  composed  of  three  copper  conductors, 
each  covered  with  i>aper  tape  to  the  required  thickness,  and  then 
twisted  together  with  a  suitable  lay.  The  interstices  should  be 
rounded  out  with  jute  and  the  whole  wrapped  with  a  paper  belt  to 
the  required  thickness.  The  paper,  soaked  in  a  suitable  insulating 
compound,  should  be  covered  with  a  lead  sheath  of  the  required 
thickness.  The  completed  cable,  and  the  materials  of  which  it  is 
made,  should  conform  to  the  following. 

Conductors,  Each  conductor  should  consist  of  annealed  copper 
wire,  free  from  splints,  flaws,  or  other  defects,  concentrically  stranded 
together  in  reverse  spiral  layers,  and  having  an  aggregate  cross- 
sectional  area  when  measured  at  right  angles  to  the  axes  of  the 
individual  wires  at  least  equal  to  the  area  of  the  specified  size  and 
in  accordance  with  the  following  table: 


Size  of  conductor 


No.  of  wires 


o.  163  in.-0.304  in.  diameter. 
0.339  in.-0.358  in.  diameter. 
0.389  in.-0.460  in.  diameter. 


I 

7 
19 


Each  of  the  individual  wires  should  have  a  resistivity  of  not  more 
than  888.55  ohms  (mile,  pound),  at  20  deg.  C. 

Insidaiion,  The  highest  grade  of  pure  manila  rope  paper  tape 
should  be  applied  helically  and  evenly  to  each  of  the  conductors 
until  the  required  thickness  of  paper  is  obtained.  The  conductors 
^ould  then  be  twisted  together,  with  a  suitable  lay  of  at  least  one 
complete  twist  in  each  24  in*  of  length  of  cable.  The  interstices 
of  the  core  so  formed  should  be  £lled  in  with  jute  laterals,  of  the 
proper  dimensions  to  form  a  true  cylinder.  The  paper  tape  should 
then  be  applied  helically  and  evenly  over  the  core  until  the  re- 
quired thickness  is  obtained. 

All  moisture  should  be  expelled  from  the  paper  and  jute  by  baking 
in  suitable  ovens;  they  should  then  be  thoroughly  saturated  with 
the  insulating  compound.    The  paper  tape  should  be  applied  to 
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the  conductors  and  the  core  in  such  a  manner,  and  the  insulating 
compound  should  be  of  such  a  nature,  that  the  cable  will  be  capable 
of  being  bent  to  a  radius  of  i8  in.  when  wound  on  reels  and  taken 
therefrom  and  put  into  place,  at  any  temperature  between  o  and 
ICO  deg.  F.,  without  damage  to  the  insulation  or  sheath.  The 
insulating  compound  should  contain  no  substance  which  will  sub- 
ject the  paper,  jute  or  conductors  to  deterioration,  and  it  should 
be  of  such  composition  as  to  maintain  the  insulation  in  a  soft, 
plastic  state  at  all  seasons  of  the  year. 

Sheath.  A  sheath  of  uniform  thickness,  not  less  than  that  indi- 
cated in  the  following  table,  should  be  tightly  formed  about  the  core : 

Diameter  of  core  Thickness  of 

in  mils  sheath 

Under  2000 H    in. 

2000-2699. ^^4  in. 

2700  and  over Ha  in. 

A  sheath  having  an  internal  diameter  less  than  2  in.  should  con- 
sist of  commercially  pure  lead.  A  sheath  having  an  internal  diam- 
eter of  2  in.  or  more  shoidd  consist  of  an  alloy  containing  not  less 
than  98  per  cent,  of  commercially  pure  lead,  and  not  less  than  i 
per  cent,  of  commercially  pure  tin. 

Electrical  Test,  Each  length  of  cable  should  be  given  the  follow- 
ing dielectric  strength  and  insulation  resistance  tests  when  mechan- 
ical operations  of  its  construction  are  completed. 

Dielectric  Strength.  An  alternating-current  voltage  should  be 
applied  between  each  conductor  and  all  the  others  connected  to  the 
lead  sheath,  for  a  period  of  at  least  5  minutes.  The  voltage  to 
be  applied  should  be  that  corresponding  to  the  combined  thickness 
of  the  conductor  and  belt  insulation  in  accordance  with  the  following 
table: 

Voltage  Sa'SS'a"' 

S.ooo %*m. 

6,250 Ha  in. 

7,500 Me  in. 

10,000 Ha  in- 

12,500 H    in. 

15.000 Ha  in. 

20,000 Me  in. 

25,000 iHa  in. 

30,000 H    in* 

35.000 IH2  in. 

40,000 TU  in. 

4S.000 iHa  in. 

50,000 f H    in. 

60,000 , .  Me  in. 

The  cable  should  not  show  any  weakening  of  its  insulation  or 
any  other  injury  under  this  test,  which  is  to  be  made  before  the  test 
for  insulation  resistance.  The  frequency  of  the  test  voltage  should 
not  exceed  100  cycles  per  second,  and  should  approximate  as  closely 
as  possible  to  a  sine  wave.  The  initially  applied  voltage  should 
not  be  greater  than  the  working  voltage,  and  the  rate  of  increase 
should  not  be  over  100  per  cent,  in  10  seconds. 

Insulation  Resistance.  Immediately  after  the  dielectric  test, 
a  test  shoidd  be  made  for  insulation  resistance,  each  conductor  being 
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meaaured  against  all  the  others  connected  to  the  lead  sheath.  The 
measurement  should  be  taken  after  i  minute  electrification, 
using  an  e.m.f.  of  not  less  than  loo  volts,  and  should  be  not  less 
than  50  megohms  p*er  mile  at  60  deg. 

Tile  Duct  Conduit  System 

Tile  Duct  (Fig.  38.)  Each  piece  of  tile  duct  should  be  of 
thoroughly  vitrified  and  glazed  tue,  whole,  sound,  straight  from 
end  to  end,  with  smooth  interior  surface,  free  from  blisters,  sharp 
corners  and  obstructions.    The  bore  should  be  not  less  than  the 


To  be  Farniihell  in  Accordance 
with  Gompany'a  Standard 
Speciflcations 
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Pig.  38. — Tile  duct,  square  and  round. 

nominal  diameter  ordered,  and  should  be  symmetrical  with,  and 
the  ends  should  be  cut  off  square  with,  the  longitudinal  axis  of  the 
duct.  The  waU  of  the  duct  should  be  not  less  than  H  in*  thick  at 
the  thinnest  place,  but  the  duct  should  average  H  in.  thick.    The 
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inner  edges  of  the  ends  of  each  piece  of  duCt  should  be  chamfered 
off  so  that  sharp  edges  will  not  he  encountered  .when  cable  b  drawn 
in.  The  completed  duct  should  have  the  nMessaiy  mechanical 
strength  and  toughness  to  prevent  chipping  at  the  ends,  and  break- 
age in  ordinary  handling.  The  outer  surface  of  all  duct  should  be 
scored  in  such  manner  as  to  give  cement  a  hold  on  the  surface  of  the 
duct. 

Construction  of  Conduit    (Fig.  30.)    A  bed  of  concrete  to 
the   depth   of   not   leas   than    3    and    preferably    4   in.   should 


be  put  in  the  bottom  of  the  trench  and  the  surface  brought 
to  grade.  The  duct  should  be  laid  like  brickwork  in  cement 
mortar  in  such  a  manner  as  to  break  joints  both  horizontally 
and  vertically.  Care  should  be  taken  in  selecting  cement 
for  the  mortar  used  in  this  work,  on  account  of  the  possi- 
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Fig.  41. — Typictil  fotu-way  mmhale. 
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bility  of  seepage  through  the  joints..  A  quick-setting  cement  is 
recommended,  and  the  mortar  diould  be  as  dry  as  practicable  to 
obtain  adhesion.  After  the  top  layer  of  ducts  is  in  place,  all  exposed 
joints  should  be  thoroughly  covered  by  a  coating  of  cement  mortar, 
applied  with  a  trowel.  A  mandril  should  be  drawn  through  each 
duct  as  it  is  laid;  the  mandril  to  be  of  a  diameter  H  in.  less  than  the 
interior  diameter  of  the  duct.  The  length  of  this  mandril  should 
be  about  36  in.  The  mandril  should  be  left  in  each  duct  until  the 
next  succeeding  duct  is  laid.  The  space  between  ducts  and  sides 
of  ditch,  which  space  should  in  no  case  be  less  than  3  in.,  and  for  a 
depth  of  3  or  4  in.  above  the  duct  should  be  filled  with  cement  con- 
crete. Each  layer  of  concrete  should  be  thoroughly  rammed  as  it 
is  put  in.  The  top  of  th^  finished  conduit  should  not  be  less  than 
2  ft.  below  the  surface  of  the  street. 

Manholes.  Manholes  should  be  placed  at  street  intersections 
or  turns  and  wherever  necessary  to  make  cable  joints.  The  dis- 
tance between  manholes  should  not  exceed  500  ft.  A  manhole 
should  be  kept  well  ventilated,  dry  and  clean.  Figs.  40  and  41 
show  tjrpical  brick  two-  and  four-way  manholes,  respectively,  from 
the  Miscellaneous  Methods  of  the  American  Electric  Railway 
Engineering  Association.  The  top  of  the  manhole  casting  should 
be  set  so  as  to  conform  to  the  grade  line  of  the  street  and  the  space 
between  the  bottom  of  the  casting  and  the  covering  slab  should  be 
filled  with  brickwork  laid  in  cement  mortar.  All  bncks  used  should 
be  of  the  best  quality,  whole,  sound,  perfect,  and  hard  burned 
throughout.  Every  brick  should  be  thoroughly  wet  by  immersion 
in  water  previous  to  laying.  In  laying,  each  brick  should  have  a 
full,  close  joint  of  cement  mortar  made  at  one  operation  on  its  bed, 
ends  and  sides.  All  joints  must  be  thoroughly  trowel  struck.  If 
the  manhole  is  to  be  constructed  of  concrete,  its  walls,  floor  and 
ceiling  should  not  be  of  thickness  less  than  shown  in  Figs.  40  and  41. 

Third  Rail 

Limiting  Clearance  Lines  for  Third-rail  Structures,  A.EJLE.A. 
Standard.  Fig.  42  gives  the  standard  locations  of  the  limiting 
clearance  lines  for  third-rail  and  permanent  way  structures  and  roll- 
ing equipment.  The  space  within  the  lines  AT,  BT,  CT,  DT^ 
ET,  FT,  and  AT,  JT,  KT,  LT,  MT  should  be  reserved  for  third- 
rail  structures  on  tangent  track  or  curves  of  radius  greater  than  800 
ft.  (For  curves  of  radius  less  than  800  ft.  see  notes  in  Fig.  42.) 
Permanent  way  structures  on  tangent  track  or  curves  of  radius 
greater  than  800  ft.  should  not  be  nearer  the  third-rail  structure 
than  lines  AS,  JS,  KS,  LS,  MS,  (For  curves  of  radius  less  than  800 
ft.  see  note  in  Fig.  42.)  Rolling  equipment  under  conditions  of 
maximum  wear  and  deflection  on  tangent  track  or  curves  of 
radius  greater  than  800  ft.  should  not  be  nearer  the  third-rail 
structure  than  lines  AE,  BE,  CE,  DE,  EE,  FE,  GE,  (For  curves 
of  radius  less  than  800  ft.  see  note  in  Fig.  42.) 

Location  of  Third  Rail,  A.I.E.E.  Standard.  The  gage  line  of 
the  third  rail  to  be  located  not  less  than  26  in.  and  not  more  than 
27  in.  from  the  gage  line  of  the  track,  and  the  contact  surface  of 
43 
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Tbird-ndl  Gage,  A^JtEA.  Standard  DeflnitiMi.  DkUtife 
measured  parallel  to  plane  of  the  top  of  both  running  rails,  between 
gage  line  of  running  rails  and  gage  line  of  third  rail. 

CcnmMMltioii  and  Resistance  of  Third  RaiL    The  foUowing  tables 
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and  conclusions  regarding  the  composition  of  steel  and  iron  con- 
ductor rail  are  from  a  paper  by  Mr.  J.  A.  Capp  before  the  American 
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permanent  way  structures  and  rolling  equipment. 

Institute  of  Mining  Engineers,  1903.  The  table  on  page  676  gives 
temperature  and  specific  resistance  at  that  temperature,  conductiv- 
ity and  resistance,  compared  to  that  of  copper,  and  the  composition 
for  each  of  several  samples  of  steel  and  iron  tested.    The  samples 
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having  serial  numbers,  i,  2,  4,  7,  11  and  12  were  standard  T-rails. 
Nos.  24  and  25  were  cut  from  T-rail  used  for  conductor  on  the 
Aurora,  Elgin  and  Chicago  R.  R.  Nos.  46, 47  and  48  were  ordinary 
refined  bar-iron;  49  and  50  were  special  refined  bar-iron  for  stay- 
bolts  and  similar  use^  51  and  52  were  Swedish  and  Norway  iron 
respectively. 

The  values  in  the  tables  showing  the  variation  of  resistance  with 
manganese  were  selected  from  the  table  on  page  676  in  stud3dng 
the  influence  of  manganese  on  resistance  and  indicate  that  the 
effect  of  manganese  in  increasing  resistance  gradually  increases 
with  the  percentage  of  manganese  present,  within  the  hmits  repre- 
sented by  these  samples.  Messrs.  Barrett,  Brown  and  Hadfield 
(Trans.  Royal  Dublin  Society,  Vol.  VII,  series  2,  Part  IV)  found 
the  resistance  to  increase  at  first  very  rapidly,  with  constantly 
increasing  percentage  of  manganese,  then  more  and  more  slowly, 
until  7  per  cent,  manganese,  after  which  a  further  increase  in  the 
percentage  of  manganese  produces  little  or  no  increase  in  resistance. 


Resistance  of  Steel.  Variation  with  Manganese 
(Carbon  from  0.17  to  0.23  per  cent.) 


Sample 

Manganese, 

Resistance 

Carbon, 

P  +  S  -1-  Si  ; 

number 

per  cent. 

per  cent. 

per  cent. 

3 

1,09 

12.12 

0.17 

0.144 

4 

0.9s 

II. SS 

0.20 

0.23 

7 

1.08 

II. 51 

0.22 

0.210 

13 

0.80 

9.94 

0.23 

0.065 

16 

0.89 

9.48 

0.23 

0.073 

19 

0.68 

9.36 

0.22 

0.197 

25 

0.48 

8.36 

0.188 

0.17 

26 

0.56 

8.22 

0.22 

0.058 

27 

0.57 

8.16 

0.192 

0.058 

31 

0.48 

7.9s 

0.23 

0.057 

35 

0.49 

7.73 

0.23 

0.028 

36 

0.37 

7.71 

0.19 

0.15 

43 

0.21 

7.38 

0.19 

0.099 

44 

0.22 

7.28 

0.215 

0.164 

Resistance  of  Steel.    Variation  with  Manganese 
(Carbon  from  0.27  to  0.33  per  cent.) 


Sample 
number 

Manganese, 

Rf'sistanfe 

Carbon, 

P  +  S  +  Si 

per  cent. 

per  cent. 

per  cent. 

I 

1.27 

13.20 

0.33 

0.19 

14 

0.95 

9.86 

0.30 

0.083 

IS 

0.99 

9.86 

0.29 

0.104 

18 

0.65 

9.42 

0.28 

0.193 

21 

0.49 

8.90 

0.33 

0.138 

22 

0.4s 

8.46 

0.31 

0.166 

37 

0.41 

7.70 

0.27 

0.035 

38 

0.28 

7.66 

0.28 

O.III 

40 

0.42 

7.60 

0.28 

0.070 
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The  values  in  the  tables  showing  the  variation  of  resistance  with 
carbon  were  selected  from  the  table  on  page  676  in  stud3dng  the 
influence  of  carbon  on  resistance.  With  uniformly  increasing 
carbon  the  resistance  of  unhardened  steel  at  first  rises  very  rapidly, 
but  the  rate  of  increase  gradually  drops  until  ih  reaches  a  straight 
line  at  about  0.2  per  cent.  C,  which  continues  up  to  limits  of  the 
carbon  listed. 

Resistance  of  Steel.    Variation  with  Cabbon 
(Manganese  from  0.15  to  0.30  per  cent.) 


Sample 
numSer 

Carbon, 
per  cent. 

Resistance 

Manganese, 
per  cent. 

P  +  S  +  Si 
per  cent. 

3 

9 

33 

38 

43 

44 
45 

1.40 
1. 61 
0.10 
0.28 

0.19 
0.215 

0.05 

12.09 
10.76 

7.92 
7.66 

7.38 
7.28 
6.40 

0.222 

0.147 

0.25 

0.28 

0.21 

0.22 

0.19 

0.112 
0.125 

O.II 

0.  Ill 

<k.099 
0.164 

0.143 

Resistance  of  Steel.    Variation  with  Carbon 
(Manganese  from  0.4  to  0.5  per  cent.) 


Sample 
number 

Carbon, 

Resistance 

Manganese, 

P  +  S  +  Si 

per  cent. 

per  cent. 

per  cent. 

21 

0.33 

8.90 

0.49 

0.138 

22 

0.31 

8.46 

0.45 

0.166 

23 

0.25 

8.42 

0.41 

0.17 

24 

0.144 

8.42 

0.46 

0.17 

25 

0.188 

8.36 

0.48 

0.17 

28 

0.16 

8.06 

0.48 

0.144 

30 

0.14 

8.02 

0.41 

0.169 

31 

0.23 

7.9s 

0.48 

O.OS7 

35 

0.23 

7.73 

0.49 

0.038 

37 

0.27 

7.70 

0.41 

0.035 

39 

0.07 

7.66 

0.40 

0.163 

40 

0.28 

7.60 

0.42 

0.070 

42 

0.15 

7.40 

0.45 

0.044 

The  following  is  also  from  Mr.  Capp's  paper:  "The  elements 
phosphorus,  sulphur  and  silicon  were  not  present  in  sufficient 
quantity  in  any  of  the  samples  tested  to  permit  us  to  draw  any 
curves  showing  their  influence  upon  the  resistance.  ...  In 
commercial  steels  the  percentages  of  all  three  of  these  dements  is 
so  small  that  their  effect  on  resistance  may  generally  be  neglected 
A  study  of  the  several  tables  given  in  the  paper  shows  that  man- 
ganese preponderates  in  influencing  the  resistance  of  steels,  and 
that  for  lowest  resistivity,  this  element  must  be  present  in  very 
small  quantity,  much  smaller  than  is  usual  in  merchant  or  struc- 
tural steels.  While  all  the  other  elements  must  be  present  only  in 
very  small  percentages,  so  great  is  the  preponderance  of  the  in- 
fluence of  manganese,  that  they  may  be  tolerated  in  quantities  which 
the  steel  makers  would  consider  reasonable,  without  unduly  in- 
creasing the  resistance.  For  a  satisfactory  third  rail  the  lowest 
possible  resistance  (from  6  times  to  6.5.  times  that  of  copper?)  is 
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not  necessary;  and  the  great  cost  of  making  such  extremely  pure 
steel  is  not  warranted.  In  fact,  such  extremely  pure  steels 
would  probably  be  so  soft  that  the  frictionai  wear  of  the 
collecting  shoe  would  be  excessive  and  the  life  of  the  rail  unduly 
short.  Assuming,  then,  that  a  rail  from  steel  having  a  resistance 
not  greater  than  eight  times  that  of  copper  (13.8  microhms  at  20  deg. 
C.)  would  be  desirable  for  conductor  rails,  the  figures  tabulated 
would  seem  to  indicate  that  the  following  extreme  composition 
would  be  permissible: 

Per.  cent. 

Carbon  up  to 0.2 

Manganese  up  to 0.4 

Phosphorus  up  to o. 06 

Sulphur  up  to o. 06 

Silicon  up  to 0. 05 

This  composition,  however,  would  be  extreme,  and  any  over- 
stepping of  bounds  might  result  in  too  great  resistance;  therefore 
for  resistance  up  to  eight  times  that  of  copper,  the  specified  analysis 

should  be: 

Per  cent. 

Carbon  not  to  exceed 0.15 

Manganese  not  to  exceed o .  30 

Phosphorus  not  to  exceed o .  06 

Sulphur  not  to  exceed o .  06 

Silicon  nQt  to  exceed 0 .  05 

The  following  suggested    third-rail    composition  is  from   the 

Standard  Handbook  for  Electrical  Engineers: 

Per  cent. 

Carbon  not  to  exceed o.ia 

Maxiganese  not  to  exceed o .  40 

Sulphur  not  to  exceed o .  05 

Phosphorus  not  to  exceed o.  10 

Relative  to  conductor  rails  installed  by  the  Underground  Electric 
Rys.  Co.,  London.,  Mr.  S.  B.  Fortenbaugh  (paper  A.I.E.E.,  1908), 
says:  ''The  resistance  of  these  rails  was  about  6.4  times  that  of  an 
equivalent  area  of  copper  and  the  chemical  composition  substantially 
as  follows: 

Per  cent-. 

Carbon 0.05 

^  Manganese o.  19 

Sulpnur o .  06 

Phosphorus o .  05 

Silicon o .  03 

It  is  interesting  to  note  that  the  cost  of  this  special  conductor 
rail  was  no  more  than  the  standard  track  rail." 

British  Standard  Method  of  Specifying  Resistance  of  Steel 
Conductor  Rails.  The  British  Engineering  Standard  Committee 
has  adopted  (1914)  the  following:  In  specifying  the  resistance  of  a 
steel  conductor  rail  the  value  shall  be  given  in  microhms  (millionths 
of  an  ohm)  and  shall  be  expressed  as  the  resistance  in  microhms  at 
a  temperature  of  60  deg.  F.  (15.6  deg.  C.)  of  a  rail  of  the  same 
material  as  the  conductor  rail  in  question,  having  a  length  of  i 
yd.  and  a  weight  of  100  lb.  It  follows  that  if  the  resistance  of  a 
rail  weighing  100  lb.  to  the  yard  be  R,  microhms,  that  of  a  rail 

weighing  W  lb.  to  the  yard  will  be  microhms.    Conversely, 
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if  the  resistance  of  a  rail  i  yd.  in  length  weighing  W  lb.  to  the  yard 

be  Rv>  microhms,  that  of  the  corresponding  loo-lb.'rail  will  be 

WR 

microhms.    In  either  case  we  have  the  relation  looiS*  =  WR^ 

loo 

For  the  purpose  of  reducing  observations  made  at  temperatures 
other  than  60  deg.  F.  to  the  standard  temperature,  a  mean  coefBcient 
of  increase  of  resistance  with  temperature  of  0.26  per  cent,  per 
deg.  F.  (0.47  per  cent,  per  deg.  C.)  shall  be  employed  unless  other- 
wise specified.  Where  greater  accuracy  is  required  for  a  wide 
range  of  temperature,  the  coefficient  of  the  actual  piece  of  rail 
should  be  used. 

Temperature  Coefficient  of  Conductor  Rails.  Commenting  on 
the  above,  the  British  Committee  notes  that  the  temperature 
coefficient  of  the  conductor  rails  tested  at  the  National  Physical 
Laboratory  for  the  purpose  of  the  report  varied  from  0.28  per  cent, 
per  deg.  F.  (0.51  per  cent,  per  deg.  C.)  for  a  rail  of  15.9  microhms 
per  loo-lb.  yard  to  0.24  per  cent,  per  deg.  F.  (0.43  per  cent,  per  deg. 
C.)  for  a  rail  of  20.5  microhms  per  loo-lb.  yard.  Taking  the 
extreme  case  of  a  rail  of  16  microhms  per  loo-lb.  yard  tested  at 
40  deg.  F.  (4.5  deg.  C.)  or  80  deg.  F.  (27  deg.  C),  the  use  of  the  mean 
temperature  coefficient  may  introduce  an  error  of  ±0.6  per  cent. 
For  a  smaller  range  of  temperature  the  error  would  be  proportion- 
ately less. 

National  Physical  Laboratory  Tests.  The  above-mentioned  re- 
port of  the  British  Engineering  Standards  Committee  gives  the 
following  table  showing  the  relation  between. the  resistance,  tem- 
perature coefficient  and  composition  of  some  samples  tested  at  the 
National  Physical  Laboratory  for, the  purpose  of  the  report. 
(Sample  i  is  electrolytic  iron;  2,  3,  4  and  5  are  conductor  rails; 
6  is  a  piece  of  ordinary  track  rail.) 


Microhms  per 
lOO-lb.  yard 

Relative 
resis- 
tivity 

Temp,  coeff. 
per  cent,  per 
deg.  C. 

a 

1 

0 

§ 

.a 

CO 

CO 

e 

0 

•a 
1 

§ 

•i 

< 

u 

& 
0 

1 

a 

"a 

a 

CO 

S 

a 

> 

a 

8 

.a 
0 

1 
1 11. 0 

S.oo 

S.72 
6.08 

6.S9 
7.38 
9.1 

S.67 
6.48 
6.89 

7.47 
8.37 
10.3 

o.ss 

0.51 
0.47 

0.4s 
0.43 
0.3s 

2 
3 

4 
5 
6 

1S.9 
16.9 

18.3s 

20.5 

253 

0.040 
0.035 

0.092 
0.403 
0.561 

Trace 

O.OII 

Trace 
Trace 
0.068 

0.044 
0.076 

0.097 
0.060 
0.028 

0.035 
0.017 

0072 
0.027 
0.066 

0.165 

O.IOO 

0.362 
0.365 
0.60s 

0.030 

0.038 

0.065 

0.012 
0.021 

0.025 
0.005 

0.046 
0.048 

0.047 
0.330 

0.094 
0.081 

Trace 
Trace 

Trace 
Trace 

Third-rail  Sections.  Both  T-rails  and  rails  of  specially  rolled 
sections  are  used  for  third  rail.  The  section  should  be  such  as  to 
offer  ample  surface  for  current  collection,  and  it  should  have  an 
area  of  cross-section  proportional  to  the  conductivity  desired.  The 
following  table  gives  the  weight  per  yard  of  the  T-raSl  used  for  third 
rail  in  several  installations: 
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Road 

Englewood  Elevated,  Chicago 

Metropolitan  West  Side  Elevated,  Chicago 

Northwestern  Elevated,  Chicago 

Grand  Rapids,  Grand  Haven  &  Muskegon 

Michigan  United  Railways 

Interborough  Rapid  Transit  Co.,  New  York 

Interborough  Rapid  Transit  Co.  (Westchester  branch) 

Lackawanna  &  Wyoming  Valley 

Wilkes-Barre  &  Hazelton 

Boston  Elevated. 

Aurora,  Elgin  &  Chicago. 

Interborough  Rapid  Transit  (elevated  division) 

Long  Island  R.R * 

Puget  Sound  Elec.  Ry 

Scioto  Valley  Traction  Co 

Seattle-Tacoma  Interurban 

Pennsylvania  Tunnel  &  Terminal  R.  R 


Weight  of  third 

rail. 

lb.  per 

48 
48 

fo 

60 

75 
75 
75 
80 

85 
100 
100 
100 
100 
100 
100 
ISO 

yd. 

{-Can.  Line  of  Rail 


The  section  shown  in  Fig.  43  was  used  in  the  New  York  Central 
&  Hudson  River  R.  R.  electrification.  Fig.  44  shows  an  inverted 
channel  section  devised  by  Messrs.  S.  G.  Redman  and  C.  H.  Merz, 
London.     This  channel  . 

is  of  irregular  form,  as  1 2y'^KaX">l 

the  non- contacting 
flange  is  used  to  secure 
more  cross-sectional  con- 
ductivity and  to  keep  the 
contact-making  flange  in 
place. 

llurd-rail  Support 
The  1908  report  of  the 
Committee  on  Power 
Distribution,  A.E.R.E. 
A.  states  "The  spacing 
of  third-rail  supports 
varies  without  respect 
to  the  type  of  rail.  The 
spacing  most  used  is 
that  of  10  ft.,  with  a 
maximum  in  some  in- 
stances of  II  ft.  and  a 
minimum  of  from  5  ft. 
to  6  ft.  These  locations 
are  apparently  governed 
by  the  lengths  of  third  ^ 
rail  and  the  standard  tie 
spacing  in  use.  The 
weights  of  brackets  vary 
between  9  lb.  with  the  overrunning  rail  and  13  lb.  to  20  lb.  for  the 
underrunning  rail.  The  committee  can  see  no  reason  for  such  great 
diversity  in  spacing  of  supports,  and  would  recommend  that  a  spac- 
ing of  10  ft.  be  used  on  all  third-rail  construction  where  30-ft.  con- 
ductor rail  is  used,  and  11  ft.  where  33-ft.  conductor  rail  is  used. 
In  alt  cases  but  one  (reported),  the  support  for  the  bracket  is  an  ex- 


FiG.  43. — N.  Y.  C.  tyi)e  underrunning 
third  rail. 
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tended  tie,  which  is  also  a  part  of  Ihe  track  structure.  In  the  one 
case  referred  to  (subway  of  the  Philadelphia  Rapid  Transit  Co.). 
it  is  entirely  independent  of  tte  track  structure.  It  might  be  wdl 
in  tliis  connection  to  note  that  the  road  referred  to  reports  an  abso- 
lute lack  of  insulator  breakage,  undoubtedly  accounted  for  by  the 


nn 


Fig.  44. — Inverted  channel  Fio.  45. — Third  rail  and  support. 

^    third  rail.  PhUa.  &  Western. 

atrave  condition  of  supports  independent  of  track  structure." 
Fig.  4S  shows  the  method  of  supporting  the  overrunning  T-sec- 
tion  tJurd  rail  on  the  Philadelphia  &  Western  Ry.  Fig.  46  shows 
the  method  of  supporting  the  underrunning  T-section  third  rail 
on  the  1200-volt  interurban  division  of  the  Central  California 
Traction  Co,  Fig.  43  shows  the  method  of  supporting  the  under- 
running  third  rail  on  the  New 
,  York  Central  &  Hudson  River  R. 
Fig.  44  shows  the  method  oE 
supporting  the  Redman-Meri 
underrunning  third  rail.  The 
rectangular  base  of  this  channel 
is  supported  on  a  fiat  insulator, 
an  intermediate  bracket  and  a 
,  foundation  insulator.  The  cap- 
-JU?  ping  of  the  conductor  channd 
'~4j  may  be  of  fiber,  stoneware,  or 
other  material  keyed  into  the 
conductor  as  indicated. 
Third-ran  Insulaticm,  The 
I  igoS  report  of  the  Committee 
,i  on  Power  Distribution,  A.E.R. 
E.A.  states  "Three  kinds  of  in- 
sulation are  used  with  the  over- 
running  type  of  rail:  wood,  recon- 
structed granite  and  composition.  Four  kinds  of  insulation  are 
used  in  the  underrunning  type:  wood,  porcelain,  semi-porcdain  and 
composition.  The  breakage  of  insulatorH  for  the  overrunning 
types  reported  is  1.76  per  cent,  per  year.  The  breakage  on  the 
underrunning  type  is  3.36  per  cent,  per  year,  based  on  Uie  in- 
formation now  in  the  hands  of  the 


Pig.  47-— Third-rail  ins 
Phila.  &  Western 


TmRD-RAIL  SUPPORT  AND  PROTECTION      683 

Relative  to  experience  on  the  Long  Island  R.  R.,  the  Street  Ry. 
Journal,  1907,  states  that  the  chief  causes  of  the  failure  of  insulators 
are  breakage  or  chipping  of  the  glazed  surface  due  to  rail  mov^ 
ment,  burning  ot  the  insulators  due  to  excessive  moisture  trickling 
down  over  the  surfacci  displacement  due  to  creeping  of  the  third 
rail,  and  breakage  due  to  derailments.  A  considerable  amount 
of  the  leakage  over  the  insulators, 
which  would  So  ally  result  in 
burning  them,  has  been  corrected 
by  cleaning  off  the  dirt  with  a 
piece  of  cloth. 

Relative  to  the  use  of  the  un- 
derrunning  U-section  third  rail 
on  the  Philaddphia  &  Western 
Ry.,  the  Electric  Ry.  Journal, 
igi2,  states  that  experience  had 
shown  that  while  the  original  un- 
dercontact  rail  provided  for  longi- 
tudinal movement  due  to  expan- 
sion and  contraction,  no  provision  had  been  made  for  n.  .  .  . 
in  a  vertical  plane.  The  vibrations  set  up  by  heavy  cars  brought 
such  enormous  strains  upon  the  insulators  that  in  many  places 
the  only  insulation  left  was  that  aEForded  by  the  tie,  Fi^.  47  shows 
two  types  of  insulators  used  in  the  installation  shown  in  Fig.  45. 
The  one-piece  insulator  b  dry-process  porcelain  and  the  two-pie<e 

insulator  is  wet-process  porcdain.    A  cast- 

ron  cup  with  lag  screw  holds  the  insulator 
n  place  on  the  tie  and  a  cast-iron  cap  on  top 
of  the  insulator  holds  the  third  rail  in  posi- 
tion. A  canvas  pad  between  this  cap  and 
J  the  insulator,  together  with  provision  for 
(  vertical  movement,  reduces  the  vibration 
which  is  so  destructive  to  the  porcelain. 
In  the  installation  shown  in  Fig.  46  a  por- 
celain block  is  used  at  each  bracket.  In 
the  installation  shown  in  Fig.  43  the  third 
Tail  is  loosely  held  in  each  bracket  by  non- 
chairtng,  moisture-proof  insulator  blocks. 
Fig.  48  shows  a  two-piece  porcelain  insu- 
lator used  on  the  Lackawanna  &  Wyoming 
Valley  R.  R.  The  two  pieces  of  porcelain 
are  cemented  together  as  shown  and  then 
mounted  on  a  wooden  pin. 
[  ;,  Third-rail  Protection.  Methods  of  pro- 
ifl&  tecting  overrunning  and  underriinning  T- 
and  U-section  third  rail  are  shown  by 
Figs.  43  to  45,  respectively.  The  details  of 
two  types  of  protection  used  on  the  New  York  Central  type  third 
rail  (Fig.  43)  arc  given  in  Fig.  49.  In  this  type  a  sheathing  of 
wood  or  fiber  reaching  from  bracket  to  bracket  embraces  the  rail 
head,  reaches  nearly  to  the  running  face  of  the  rail  and  extends 
outward  from  the  ved,  thus  forming  a  petticoat. 


g  VaUey. 
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Operatitm  of  Third  Rail  ta  Snow.  In  Feb.,  1906,  tests  of  ihc 
operation  of  third  rail  in  snow  were  made  on  the  New  York  Central 
&  Hudson  River  R.  R.  After  medium  heavy  snow  had  fjdien, 
without  drifting,  to  an  average  depth  of  17  in,  a  Sanger  was  sent 
over  the  track.  This  packed  the  snow  against  the  third  rail.  The 
test  was  made  by  observing  the  operation  during  the  passage  of  an 
electric  locomotive  on  several  trips.    During  the  first  passage 


over  the  overrunning  unprotected  third  rail  there  was  very  little 
flashing  or  trouble.  Due  to  the  formation  of  ice  and  the  ironing  out 
of  snow,  operation  grew  worse  on  succeeding  passages  until  it  be- 
came almost  impossible.  Results  with  the  overrunning  protected 
third  rail  were  about  the  same  as  with  the  overrunning  unorotected 
third  rail.  The  first  passage  scooped  the  snow  away  for  »h  or  3 
in.  under  the  contact  surface  of  the  untterrunnlng  protected 
third  rail.  Each  succeeding  passage  tended  to  clean  the  contact 
surface  and  operaUon  was  practically  free  from  tniuble. 
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Operation  <rf  Third  Roil  in  Sleet.  In  March,  1906,  tests  of 
the  operation  of  third  rail  after  a  sleet  formation  was  made  on  the 
New  York  Central  &  Hudson  River  R.  R.  The  sleet  formation 
continued  far  a  day  in  a  wind  having  a  velocity  of  about  2  miles 
an  hour  and  temperature  ranging  from  aS  to  33  deg.  F.  The 
thickness  of  the  ^eet  averaged  about  a  in.  The  effect  of  the 
sleet  on  the  overrunning  unprotected  third  rail  was  so  bad  that 
running  was  impossible  after  3  hours.  In  places  where  the  wind 
caused  the  sleet  to  distribute  entirely  over  the  running  surface  of 
the  rail  the  contact  shoes  arced  badly  and  the  operation  was  unsatis- 
factory. There  was  no  sleet  formation  on  the  running  surface  of 
the  underrunning_  rail  and  tiiore  was  no  sign  of  arcing. 

Mechanical  TUrd-rail  Sleet  Remover.  A  type  of  third-rail  sleet 
shoe  designed  by  Mr.  W.  Silms,  and  which  is  giving  satisfaction 
on  the  Michigan  United  Railways,  is  shown  in  Fig.  50.  It  is  of  the  ■ 
same  design  as  the  regular  third-rail  shoe,  but  has  tour  steel  cutters 
set  diagonally  in  its  face  and  cast  integral  with  the  body  of  the  shoe. 
When  these  cutting  edges  become  worn  or  damaged  they  are  chipped 
off,  and  the  shoe  is  kept  in  regular  service  until  it  b  worn  out.   The 


Fic.  so.— Third-rail  sleet  shoe,  MicWgiui  United. 

sleet-cutdng  shoe  is  mounted  on  a,  vertical  iron  shaft  which  passes 
through  guides  and  is  attached  to  the  piston  of  an  air  cylinder  whidi 
has  a  3-in.  stroke.  A  spiral  spring  around  this  shaft  holds  the  shoe 
off  the  rMl  except  when  air  pressure  is  put  on  the  cylinder  to  press 
the  cutters  against  the  rail.  The  air  supply  is  taken  from  the  train 
line  through  a  H-in.  three-way  valve  and  pipes  extending  under  the 
car  to  a  point  convenient  for  connecting  with  the  cylinder  which 
operates  the  shoe.  This  connection  between  the  pipes  and  the 
cylinder  is  made  with  2>4-ft.  lengths  of  «-in.  air  hose,  secured  at 
each  end  with  hose  clamps.  An  ordinary  straight  valve  is  placed 
in  each  supply  pipe  to  enable  the  motorman  to  use  one  or  both  shoes 


Tlie  third-rail  sleet-removing  device  shown  in  Fig.  sii  developed 
by  the  Metropolitan  West  Side  Elevated  E.  R.  Co.,  waa  found 
by  that  company  to  give  satisfactory  service  under  all  operating 
and  weather  conditions.  The  device  consists  of  a  piece  of  oak 
25i  in.  X  SH  in.  X  4  ft.  m  in.,  at  one  end  of  which  crusher 
rolls  are  placed  and  at  the  other  end  are  scrapers.  The  crushing 
rolls,  3H  X  3ii  in.  in  size,  are  right  and  left  spiral  toothed,  made  of 
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cast  crucible    sted,   hardened, 
but  not  machined.     These 
rollers  are  carried  on  i  X  6-in. 
steel    pins,  which  are  hdd  in 
place  in  the  steel  slide-rod  cast- 
ing by  cotter  pins  at  each  end. 
At  each  end  of  the  oak  board 
is  a  cast-iron  cam  and  wooden 
handle,  which  is  used  in  raising 
or  lowering  the  rollers  or  scrapers 
from  or  to  the  working  position. 
The  scraper  blades  are  H  X  shX 
2%  in.,  and  are  made  of  tool  sted. 
There  are  four  of  these  blades 
bolted   to  cast-steel  pivots  so 
that  they  may  take  the  scraping 
position  for  either  a  backward  or 
forward  movement  of  the  car. 
^    The  scrapers  are  supported  on 
^    a  slide  rod  provided  with  the 
$    elevating   cam   similar  to  the 
^  crushers.      Immediatdy   inside 
p    the  guide  plates  which  support 
^    the  crusher  and  scraper  slide  rods 
!i    are    two    cast-iron   corrugated 
1^    plates  which  are  used  in  adjust- 
.g    ing  the  sleet  remover  for  differ- 
ent truck    heights    and    wheel 
wear.    Bolted  to  the  top  of  the 
oak  insulating  timber  is  an  ad- 
justing leaf  spring,  the  ends  of 
which  are  fitted  into  slots  pro- 
vided at  the  top  of  each  ^de 
rod.    At  first  this  spring  pro- 
^    vided  ICO  lb.  pressure  at  both 
the  crusher  and  scraper,  later 
the  crusher  end  pressure  was 
increased  to  200  lb.  by  adding 
another  leaf  to  the  crusher  end 
of  the  spring.    This  device  may 
be  either  bolted  to  the  third-rail 
shoe  beam  or  held  in  position  by 
means  of  a  casting  which  is  fit- 
ted to  the  car  spring  seats.    A 
H-in.   flashboard  made  of  ash 
and  running  the  full  length  of 
the  sleet  remover    is  inserted 
between   adjusting   plates  and 
the  oak  timber  to  provide  ad- 
ditional insulation. 
Calcium  Chloride  Third-rail  Sleet  RemovaL    On  the  Aurora, 
Elgin  &  Chicago  Ry.  a  solution  of  calcium  chloride  made  by  dis- 
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solving  caustic  chloride  of  caldum  fn  warm  water  in  the  proportion 
of  s  lb.  of  caustic  chloride  of  caldum  to  i  gal.  of  water  has  been 
usel  in  the  removal  of  sleet  from  the  third  rail  and  the  prevention 
of  the  formation  of  a,  coat  of  sleet  on  the  rail.  The  solution  was 
kept  in  a  40-gal.  tank  in  the  motorman's  cab  and  was  led  through 
a  rubber  tube  to  a  M-in-  pipe  from  which  it  was  squirted  upon  the 
third  rail  a  few  inches  in  front  of  a  steel  sleet  brush.  The  flow  of 
liquid  was  controlled  by  a  globe  valve.  The  pipe  was  grounded  to 
tbe  truck  frame.  There  were  four  sleet  brushes  per  car  and  each 
was  provided  with  a  pipe.  In  operation  only  the  forward  pipe  on 
the  Uiird-rail  side  was  used.  The  flow  of  liquid  was  regulated  ac- 
cording to  the  speed  of  the  train  and  about  i  gal.  per  mile  was 
requital.  The  sleet  brush  immediately  behind  the  pipe  spread  the 
liquid  uniformly  over  the  surface  of  the  rail.  A  thin  sleet  formation 
was  dissolved  and  direct  contact  was  made  with  the  third  rail.  A 
thicker  sleet  formation  was  not  melted  at  once,  but  was  so  loosened 
that  it  was  scraped  oft  the  rail  by  the  passage  of  one  or  two  sleet 
brushes.  The  formation  af  new  ice  was  prevented  as  long  as  the 
liquid  remained  on  the  rail,  but  after  about  2  hours  the  liquid 
was  removed  to  such  an  extent  that  another  application  was  neces- 
sary. This  process  removed  the  sleet  and  kept  the  trains  in  opera- 
tion, but  it  had  a  bad  effect  on  the  insulation  of  the  third  rail  and 
car  wiring.  This  led  to  the  development  of  a  side  contact  shoe 
having  a  cross-section  similar 
to  an  inverted  V.  By  riding 
on  the  edges  of  the  third  rail 
this  shoe  either  removes  the  ' 
sleet  or  makes  contact  where  ' 
the  sleet  is  thinnest. 

Conduit  SystRiL  Fig,  52 
shows  a  section  of  cable  con- 
duit as  rebuilt  fordectrical 
operation,  and  Fig.  53  shows 
a  standard  section  of  conduit, 
both  as  used  in  Washington, 
D,  C.  These  are  from  a- 
paper  by  Mr.  J  H.  Hanna  s^uoawitota 

Aera.    1913.    The   essenUal  p.^.  jj__cabie  conduit  rebuilt  for  d«- 

elements  of  this  conduit  sys-  trie   operBtion. 

tern  consist  of  cast-iron  yokes 

supporting  both  wheel  and  slot  rails  and  two  steel  "T"  shaped 
conductor  bars  supported  from  the  bottom  flange  of  the  slot  rail  by 
insulators.  The  wheel  rails  are  fastened  with  four  hook  bolts  at  each 
yoke  seat  with  liners  driven  back  of  the  bolts  to  allow  accuratelining 
and  gaging  of  the  rails  after  the  yokes  have  been  concreted.  The 
conduit  proper  is  of  concrete  with  concrete  manholes  at  each  insula- 
tor, spaced  15  ft.  apart.  Insulators  consist  of  malleable  caps  with 
tugs  by  which  the  insulator  is  bolted  to  the  slot  rail  porcelain  insula- 
tors and  forged  studs  cemented  together,  the  latter  supporting  the 
conductor  rail  by  means  of  adjustable  malleable  dips  or  brackets. 
The  slot  rail  wdght  is  67  lb.,  and  conductor  bar,  J2,4  lb.  per  yard. 
Yokes  ore  spaced  5  ft.  apart  and  weigh  about  35°  lb.  each.    The 
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conductor  bars  are  connected  vnth  underground  feeder  cables  at  1 
intervals  varying  from  Soo  ft.  for  lines  having  dense  traffic  to  much  i 
greater  intervals  in  outlying  districts.  The  distribution  system 
IS  identical  for  positive  and  negative  sides  and  is  controlled  at  sub- 
stations by  double-pole  double-throw  switches,  which  make  it 
possible  to  reverse  the  polarity  if  necessary  on  account  of  grounds 
on  different  sides  of  different  circuits. 

The  conduit  system  is  a  constant  source  of  trouble  to  both  the 
railway  company  and  the  traveling  public.     It  is  by  far  the  least    . 
reliable  of  all  the  systems.     This  is  because  of  the  difficulties  of     ' 
ordinary  operation  and  the  excessive  number  of  accidents  which  are     ' 
possible  with  this  system  and  against  which  it  is  impossible  to  pro- 
vide.    Neglecting  accidents,  for  the  moment,  this  system  is  the 
most  difficult  to  keep  in  ordinajy  operation.     The  ordinary  diffi- 
culties reach  a  maximum  with  rain  and  snow  storms.     SnoOT  tends 
to  fill  the  coiiduit  and  must  be  removed  by  pushing  it  to  manholes 
by  scrapers.    These  manholes  must  be  kept  dean.    The  removal 
of  snow  interferes  with  traffic.    To  return  to  the  purely  accidental, 


B«otloii  M  Yokt 


various  pieces  of  metal  are  washed  or  accidentally  or  maliciously  - 
dropped  through  the  slot  and  these  foul  the  plow  and  cause  short 
circuits.  Among  the  most  common  articles  which  cause  this  trouble 
may  be  mentioned  automobile  chains,  hoops,  rods,  pipes  and  cables. 
Defective  switches  or  plow  guides  in  the  slot  often  m^e  the  car  and 
the  plow  start  down  different  tracks.  The  results  are  bent  plow 
bars,  broken  yokes,  bent  and  grounded  plows.  Locating  a  ground 
inthissystemisoftena  slow  process  during  which  traffic  is  tied  up. 
AutO'transfoim^  Scheme  of  Single-phase  Distribution.  In  the 
auto- transformer  scheme  (also  known  as  the  semi-balanced  sj^tem) 
of-single  phase  distribution  developedon  the  New  York,  New  Haven 
and  Hartford  R.  R.,  the  contact  conductor  of  the  ii,ooo-volt 
catenary  system  is  connected  to  one  side  of  a  22,000-volt  single- 
phase  line,  auto-transformers  distributed  along  the  track  are  con- 
.  neeted  across  this  ja,ooo-volt  line,  and  the  middle  point  of  each  of 
these  auto-transformers  Is  grounded  to  the  track  r^ls.    Thus  thi» 
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system  is  similar  to  a  three-wire  system  except  that  the  direct  load 
is  on  one  side  of  the  circuit,  the  other  side  of  the  circuit  receiving 
its  share  of  the  load  through  auto-transformers  which  act  as  bal- 
ancers. By  this  system  the  operating  economies  of  a  contact 
conductor  voltage  of  ii,ooo  and  a  transmission  voltage  of  22,000 
are  combined,  and  this  has  been  done  with  the  elimination  of  the 
disturbance  which  the  ordinary  single-phase  system,  having  one 
side  grounded  and  the  other  side  connected  to  the  contact  con- 
ductor, caused  in  adjacent  telephone  and  telegraph  circuits. 

Track  Bonding 

The  following  consideration  of  bonding  deals  with  the  application 
of  electrical  conductor  to  maintain  good  conductivity  from  rail  to 
rail  at  the  joints  of  the  track  circuit.  This  conductor  serves  no 
mechanical  purpose  at  the  joint.  It  should  be  noted  'that  in  city 
work  the  practice  of  joining  the  rails  together  by  welding  is  in- 
creasing and  that  the  use  of  additional  electrical  conductor  is 
unnecessary  where  this  is  the  practice.     (See  pp.  59-63.) 

Classification  of  Bonds.  Bonds  may  be  classifi^  according  to 
the  materials  of  which  they  are  made,  whether  of  solid  copper, 
copper  ribbon,  or  wire  stranded  copper;  according  to  place  of 
application  to  the  rail,  whether  to  the  head,  web  or  base,  and  if 
attached  to  web,  whether  ''concealed"  between  joint  plate  and  rail 
or  "exposed"  by  being  run  over  the  outside  of  the  joint  plate; 
according  to  the  method  of  attaching  the  terminal  to  the  rail,  whether 
compressed  or  expanded,  brazed,  soldered  or  amalgamated. 

Compressed  and  Expanded  Terminals.  The  bond  terminal  is 
forced  into  intimate  contact  with  the  walls  of  a  hole  drilled  in  the 
rail.  The  two  general  types  of  this  terminal  are  conmionly  known 
as  the  "compressed  (or  stud)  terminal"  and  the  "pin  terminal," 
respectively.  The  terminal  of  the  compressed  terminal  bond  is 
forced  into  contact  with  the  wall  of  a  hole  in  the  rail  by  a  screw  or 
hydraulic  press.  The  pin  terminal  is  tubular  and  this  tube  is 
expanded  into  contact  with  the  wall  of  a  hole  in  the  rail  by  driving 
a  tapered  steel  pin  into  the  bore  of  the  tube.  The  following  from 
the  results  of  tests  by  the  Chicago  Board  of , Supervising  Engineers, 
191 1,  gives  briefly  some  of  the  important  points  relative  to  the 
installation  of  these  types  of  bonds: 

First.  Averaging  the  thirty-two  tests  on  each  type,  the  hydraulic 
compressed  bond  shows  the  least  resistance,  viz.,  about  96.65  per 
cent,  of  the  pin  terminal  type.  Stated  in  terms  of  conductivity, 
the  pin  terminal  bond  is  96.65  per  cent,  and  the  hand-compressed 
bond  98.64  per  cent,  of  the  hydraulic  compressed  bond  considered 
as  the  standard,  100  per  cent. 

Second.  The  best  form  of  terminal  is  that  in  which  the  flow  of 
copper  is  into  and  not  out  of  the  bore,  that  is,  one  in  which  the  flow 
is  restricted.  In  this  respect  the  compressed  terminal  is  superior, 
although  not  so  easy  to  apply  as  the  pin  terminal,  and  it  also  insures 
a  much  better  mechanical  attachment. 

Third.  A  certain  pressure  between  copper  and  steel  is  essential 
to  good  electrical  contact.  Conductivity  improves  up  to  about 
44 
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3S,ooo  lb.  per  square  inch.  With  the  pin  terminal,  hoivever,  it !« 
found  that  around  20,000  lb.  the  copper  begins  to  flow  out  of  the 
bore  and  no  higher  contact  pressure  is  possible  on  this  account.  Thb 
maximum  is  somewhat  dependent  upon  the  texture  of  the  copper  and 
the  lubricant  used,  and  upon  the  manner  in  which  the  pin  is  driven 
into  place. 

Fourth.  General  precautions  to  be  taken  in  bonding  as  largdj 
developed  from  these  tests  are  as  follows :  Use  only  accurat  dy  ground 
drills,  entered  at  right  angles  to  the  web,  and  &iish  smooUi.  The 
surface  of  the  rail  web  should  be  cleaned  for  >6  in.  around  the  bore, 
and  the  latter  should  be  thoroughly  cleaned  and  dried  before 
bonding;  thus  the  head  of  the  bond  will  properly  abut  tlie  web  sur- 
face. In  driving  the  pin  a  heavy  lubncant  should  be  used,  fint 
with  a  drift  pin  of  the  proper  size  (jie  in.  for  a  ?<-in.  terminal), 
care  being  taken  to  avoid  striking  the  bond  itself. 

Cost  of  Installing  Compressed  and  Expanded  Terminal  Bonds. 
The  following  data  from  a  paper  by  Mr.  Carl  H.  Fuller,  Electric 
Railway  Journal,  1914,  give  actual  costs  of  installing  compressed 
and  expanded  terminal  bonds  on  the  tracks  of  the  Macon  Railway 
&  Light  Co.,  Macon,  Ga.  With  the  exception  of  the  single  case 
noted,  all  of  the  drilling  was  done  with  a  Duntley  electric  track  drill, 
the  crew  consisting  usually  of  one  man  who  ran  the  drill  and  a 
helper  who  helped  him  move  the  drill  and  pressed  in  the  bonds. 
Both  men  removed  and  bolted  up  the  plates  as  the  occasion  re- 
quired. There  is  some  slight  gain  in  making  the  crew  three  men 
if  the  work  warrants.  The  wage  of  the  drill  runner  was  $1.50  and 
of  the  helper  $1.35  per  day  of  10  hours. 

Case  I.  Paving  job.  Track  laid  and  surfaced,  with  two  bolts 
in  each  splice.  Bond  crew  removed  the  plates,  drilled  two  holes, 
applied  the  concealed  bond  with  a  screw  press  and  fuU-bolted  the 
joint:  174  bonds  at  $0.2625  P^'^  bond. 

Case  2.  Installation  of  a  cross-over  in  Belgian  block  paving. 
Bond  crew  drilled  the  holes,  applied  concealed  or  long  bonds  as 
required,  full-bolted  the  joints;  35  bonds  at  $0,266  per  bond. 

Case  3 .  Repaving  job .  Old  plates  and  bonds  were  not  disturbed. 
Twenty-eight-inch  bonds  with  compressed  terminals  were  placed 
around  the  old  plates.  Bonding  crew  had  a  good  chance  to  do 
record  work  and  placed  128  bonds  at  $0,175  P^r  bond. 

Case  4.  Paving  job.  Bond  crew  removed  two  bolts  and  plates, 
drilled  for  and  placed  concealed  bond,  replaced  the  plates  with  two 
bolts  loose  for  track  gang  to  finish:  199  bonds  at  $0.1825  per  bond. 

Case  5.  Paving  job.  Bonding  crew  applied  concealed  bonds 
while  track  gang  was  laying  track,  but  made  no  special  effort  to 
full-bolt  the  joints:  85  bonds  at  $0,168  per  bond. 

Case  6.  Paving  job.  Track  all  surfaced,  double  track,  bond  crew 
following  all  four  rails  as  they  came  to  the  joints,  rails  60  ft.  long, 
special  effort  to  get  low  bonding  costs,  track  gang  applying  the  splice 
plates:  269  bonds  at  $0.09  per  bond.  This  was  an  exceptional  case 
and  the  same  crew  has  never  been  able  to  break  its  own  record.  • 

Case  7.  Laying  track  in  dirt  roads.  Bond  crew  applied  pin- 
compressed  terminal  bonds  under  the  plates,  doing  the  bolting  up: 
113  bonds  at  $0,136  per  bond. 
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Case  8.  Paving  job.  Remove  plates  with  two  bolts,  drill  two 
holes,  coihpress  bond  and  replace  plates  with  four  bolts,  continuous 
work:  187  bonds  at  $0,235  per  bond. 

Case  gp.  Paving  job.  Remove  plates,  drill  ^ples  with  hand  drill, 
compress  bond,  replace  the  plates:  83  bonds  at  $0,375  per  bond. 

Case  10.  Track  laid  in  dirt  road  and  fully  sui^aced.  Remove 
plates  with  four  bolts,  drill  holes  and  compress  bond,  replacing  the 
plates.  The  four  men  in  the  crew  worked  continuously:  1020 
bonds  at  $0.2405  per  bond. 

Case  II.  Remove  plates  having  four  bolts,  drill  and  press  in 
bond,  replacing  plat<es:  fifty-four  bonds  at  $0,292  per  bond. 

Average  cost  of  ike  total  2347  bonds  in  the  above  eleven 
cases  is  $0,215  per  bond. 

Brazed  Termmals.  *' Brazed"  bond  terminals  which  are  gen- 
erally flat  are  brazed  to  a  spot  on  the  rail  which  has  been  prepared 
by  grinding.  The  heat  is  supplied  by  a  blow  torch  or  heavy  electric 
current.  The  brass  used  to  make  the  brazed  joint  is  used  in  a 
solder-like  strip.  A  bond  brazed  electrically  is  sometimes  called 
an  electrically  welded  bond.  The  current  is  supplied  at  from  i 
to  6  or  8  volts  from  a  transformer  which,  on  a  direct-current  road, 
is  supplied  by  a  motor-generator  set  operated  on  trolley  voltage. 

Solaered  Terminals.  Flat  terminals  are  soldered  to  the  rail  or 
the  end  of  a  compressed  or  expanded  terminal  bond  is  soldered  to 
the  rail  after  the  terminal  has  been  compressed  or  expanded  into 
place.  The  area  over  which  the  solder  is  to  adhere  to  the  rail  is 
prepared  by  grinding.  Heat  is  supplied  by  a  blow  torch  or,  in  the 
case  of  the  compressed  terminal  bond,  the  bond  may  be  soldered  by 
the  Thermo  bonding  process,  in  which  the  necessary  heat  for  solder- 
ing is  obtained  from  the  heat  of  reaction  of  a  special  compound 
which  is  ignited  in  a  graphite  cup  held  against  the  rail  on  the  side 
opposite  that  to  which  the  solder  is  to  be  applied. 

Amalgamated  Terminals.  In  one  form  a  mass  of  tin  amalgam 
is  placed  between  amalgamated  surfaces  of  rail  and  joint  plate  and 
is  held  in  place  by  a  cork  washer  squeezed  between  rail  and  joint 
plate.  In  another  form  the  terminal  of  a  copper  bond  and  the 
surface  of  the  rail  or  the  walls  of  a  hole  in  the  rsul  are  amalgam^ed 
and  held  in  place  with  slight  pressure,  depending  upon  a  layer  of 
tin  amalgam  to  maintain  the  contact.  One  method  of  using  mer- 
cury amalgam  is  to  apply  it  to  the  terminal  surfaces  of  regular 
compressed  or  pin  terminal  bonds.  The  Chicago  Board  of  Super- 
vising Engineers,  191 1,  found  the  contact  resistance  of  compressed 
and  pin  terminals  with  amalgamation  to  be  approximately  94  per 
cent,  of  the  contact  resistance  without  amalgamation. 

Bolted  Tenninals.  In  some  types  of  bolted  terminals  copper 
strips  are  bolted  against  the  rail  or  are  squeezed  between  rail  and 
joint  plate.  Bolt^  terminals  have  been  developed  particularly 
lor  applying  the  terminals  of  auxiliary  cables  around  special  work. 
For  this  latter  purpose  special  terminals  are  bolted  to  the  web  of 
the  rail. 

Ideal  Bend«  The  material,  form  and  structure  of  the  ideal  bond 
are  briefly  presented  by  Mr.  C.  W.  Ricker,  A.I.E.E.,  1905,  as 
follows:   To  get  the  necessary  conductivity,  bonds  are  nearly 
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always  of  copper,  about  the  only  exception  being  those  of  tin 
amalgam.    To  reduce  cost  and  resistance,  they  must  be  as  short 
as  practicable,  and  the  manufacturing  cost  must  be  kept  low, 
to  preserve  the  scrap  value  as  near  the  first  cost  as  possible.     For 
durability  they  must  be  flexible  enough  so  as  not  to  break  or  lose 
contact  by  the  allowable  relative  motion  of  the  rails.     They  must 
be  formed  so  they  may  be  applied  to  the  types  of  rails  in  ordinaiy 
use,  in  such  position  as  to  be  protected  from  accidental  damage  and 
from  theft.    They  should  be  readily  accessible  for  inspection  and 
repair.    The  cost  of  application  must  be  kept  low,  and  to  this  end 
it  is  very  important  that  the  process  shall  be  so  simple  and  easy 
that  no  highly  skilled  labor  or  extraordinary  care  is  required  to 
install  them  with  certain  and  uniform  results. 

Failure  of  Bonds  in  Service.  Failures  of  bonds  may  be  placed 
in  three  classes,  namely,  (i)  breakage  of  bonds,  (2)  disintegration  of 
bonds,  (3)  impairment  of  contacts.  The  following  discussion  of 
these  cases  is  from  the  above  noted  pai>er  by  Mr.  C.  W.  Ricker: 

Breakage  of  Bonds.  Breakage  may  occur  because  of  defects  in 
manufacture,  as  in  copper  bonds  with  welded  terminals  the  strands 
may  be  weakened  by  overheating  where  they  enter  the  terminal; 
and  a  slight  but  continuous  motion  of  the  joint  will  cause  them  to 
break,  one  by  one,  at  this  place.  Long-continued  jar  and  repeated 
flexures  will  produce  fatigue  in  the  metal.  Such  breakage  in  the 
case  of  either  welded  or  soUd  bonds  is  of  course  most  frequent  .where 
the  flexure  of  the  bond  due  to  rail  movements  is  too  great  for  its 
flexibility,  which  means  iU-selected  bonds  or  badly-kept  track.  A 
less  common  manner  of  breakage  occurs  in  laminated  underplate 
bonds  which  are  too  large  for  the  space  between  the  joint-plate  and 
the  rail,  the  bond  shank  is  pinched  and  the  working  of  the  joint 
under  passing  wheels  tears  off  the  outer  strands  by  a  land  of  ratchet 
effect,  working  them  into  the  narrowing  space  at  top  or  bottom  of 
the  rail-iVeb  and  sometimes  squeezing  them  out  of  the  joint  in  thin 
ribbons.  Bonds  secured  under  the  base  of  the  rail  may  be  frozen 
in  the  ballast  and  torn  off  by  the  movement  of  the  rail. 

Disintegration.  The  surfaces  at  the  imperfect  welds  in  composite 
bonds  corrode,  increasing  the  resistance  greatly  and  loosening  and 
weakening  the  bonds  so  that  they  may  be  pulled .  apart.  Tin 
amalgam  used  at  contacts  or  in  masses,  hardens  and  shrinks,  losing 
flexibility  and  contact  with  the  bonded  surfaces.  In  the  case  of 
amalgam  plugs  enclosed  in  cork  boxes,  the  cork  sometimes  breaks, 
allowing  the  soft  amalgam  to  run  out. 

Impairment  of  Contact,  By  far  the  most  important  cause  of 
impaired  contact  is  oxidation.  This  is  greatly  facilitated  by  the 
presence  of  moisture,  so  that  the  slightest  crevice  into  which  mois- 
ture may  penetrate  and  lodge  is  dangerous.  Soft-soldered  contacts 
undergroimd  are  not  to  be  trusted,  especially  on  track  laid  in  streets, 
which  is  sure  to  be  wet  with  dirty  water,  though  there  is  no  apparent 
reason  why  soldered  contact  entirely  above  ground  should  not  be 
durable,  if  aU  traces  of  corrosive  flux  are  removed.  Amalgamated 
steel  surfaces  are  not  durable  and  soon  rust  in  track  exposed  to 
dampness.  Expanded  or  compressed  terminal  bonds,  which  have 
not  been  properly  applied,  may  be  loosened  by  the  movement  of 
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the  rail,  and  well-soldered  bonds  may  be  loosened  or  torn  off  by 
the  same  means  if  they  are  too  rigid.  No  mention  has  been 
made  of  acddental  breakage  of  bonds.  Of  course,  bonds  which 
are  impiDperly  located  may  be  knocked  off  by  rolling  stock,  and 
various  local  external  conditions  may  operate  to  destroy  any  kind 
of  bond. 

Length  of  Bond.  A  short  tail  bond  is  more  economical  of  copper 
than  a  long  one,  but  is  more  liable  to  damage  from  vibraUon  of  a 
Lxise  joint.  A  short  concealed  bond  should  not  be  used  where  the 
rail  joint  is  not  rigidly  supported.  The  length  of  a  bond  to  be 
concealed  between  joint  plate  and  rail  is,  under  certain  conditions, 
somewhat  dependent  upon  the  spacing  of  joint  bolts.  The  length 
of  bonds  in  use  varies  from  6  to  lo  and  more  inches.  The  lo-in. 
bond  is  in  very  common  use.  Electriffed  steam  roads  are  using 
bonds  16  to  34  in.  loog.  Long  bonds  for  spanning  splice  bars  on 
small  tails  should  be  about  s  in.  longer  (formed)  than  the  splice 
bar,  and  about  6  in.  longer  than  the  splice  bar  on  large  rails. 

Kesistonce  of  Bonded  Hail  Joint  Neglecting  the  very  unreliable 
conductivity  between  rail  and  rail  by  way  of  mechaiucal  joint  plates, 


Pic.  54. — Resistance  annealed  copper  rail  bonds. 

the  resistance  of  a  newly  bonded  joint  may  be  approximated  as 
fallows : 

Brazed,  Soldered  or  Welded  Bond.  Add  1  in.  to  thelength  of 
the  bond  shank  conductor  between  terminals.  The  resistance  of 
the  bonded  joint  is  approximately  equal  to  the  resistance  of  a  length 
of  the  shank,  conductor  equal  to  the  length  so  found. 

Compressed  or  Pin  Terminal  Bond.  To  the  reastance  of  a 
length  of  shank  conductor  equal  to  the  length  from  center  to  center 
of  terminals  measured  along  the  shank  conductor  add  twice  the 
contact  resistance  of  one  terminal. 

The  reliance  of  the  shank  conductor  may  be  determined  from 
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Fig.  54.  Knowing  the  thickness  of  the  rail  web  and  diameter  of 
terminalhole  in  web,  the  contact  area,  (considering  only  area  of  hole 
wall)  may  be  determined  from  Fig.  55.  For  thickness  of  web  see 
rail  dimensions  on  pp.  46-51.  Common  outside  diameters  of  bond 
plugs  of  compressed  or  expanded  terminal  bonds  ate  as  follows: 
SiM  of  bond. 
A.W.G.,  (B.  _&  S.)  Diameter  of  plug, 


Si:  8 


H.n 


Fig.  5S. — ConUct  area  compressed  or  pin  terminal  rail  bonds. 

Tests  made  by  Messrs.  Hall,  Smith  and  Staibird  at  the  Worcester 
Polytechnic  Institute  indicate  that  the  contact  resistance  between 
soft  steel  and  pure  copper  at  pressures  from  20,000  to  30,000  lb. 
per  square  inch  has  v^ues  from  1/2  to  i  microhm  per  square  inch. 
These  values  are  plotted  in  Fig.  56.  The  contact  resbCances  of 
bond  terminals  vary  from  each  o&er,  depending  upon  the  many 
factors  in  the  process  of  installation.  Tbe  value,  o.S  microhm 
{o.ooooooS  ohm),  may  be  used  in  the  practical  calculation  of  the 
resistance  of  trade  return  where  bonds  are  carefully  installed. 

Resistance  of  Track  Return.  The  resistance  of  a  given  section 
of  track  using  both  railsasretumconductorsis  equal  to  one-half  the 
resistance  of  the  sum  of  all  the  joints  plus  one-half  the  resistance  of 
the  rail  between  joints  contained  in  one  of  the  rails  of  that  section. 
This  may  be  determined  by  the  following  method:  From  one  rail 
length  (ordinarily  30  or  60  ft.)  subtract  Che  length  of  one  joint 
(distance  between  centers  of  the  terminals  of  one  bond  installed), 
and  by  the  table,  page  694  find  the  reliance  of  the  part  of  rail 
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renuunins  (in  the  absence  of  more  definite  informatioii  the  ratio 
of  resistance  of  steel  to  that  of  copper  may  be  taken,  as  n  iot  i 
ordinary  running  r^).  To  this,  add  the  resistance  of  one  bondm! 
joint  (see  Resistance  of  Bonded  Rail  Joint,  page  693).     The  le- 

e  of  the  given  section  of  tiacli  will  be  equal  to  one-half  thii  | 

lultiplied  by  the  quotient  obtai 
of  the  given  section  by  the  length  of  o 
veniently  expressed  as  follows: 

r{l-l,)+ri  „i 


R~  - 


k  R  =  resistance  of  section  of  track,  ohms 
L  =  length  of  section,  feet 
I    "  one  rail  length,  feet 
li   =  length  of  one  joint,  feet 

:e  of  rail,  ohms  per  foot.    See  page  6g4. 
'    ne  bonded  joint,  ohms. 


OouuManaoC  Wnulul  lio1e.>iiiurB  Inohe* 

P[G.  i6. — Contact  reaistance. 

The  allowable  value  of  the  resistance,  R,  depends  upon  the  current 
flowing  and  the  allowable  voltage  drop.  Its  value  is  determined  as 
follows : 


n  which  R  =  the  allowable  resistance  of  the  given   section  of 

track,  ohms 
t    —  the  allowable  voltage  drop  from  one  end  to  Ihe 

other  of  the  given  section,  volts 
I   —  current  Bowing  in  track  return,  amperes. 
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!□  which  p  =  power  lost,  kilowatts. 

(SigniBcaiice  of  remaining  symbols  as  above.) 

SizeofBond.     A  common  allowance  for  the  are         .   .__ 

of  an  ordinary  joint  bond  is  500  dr.  mils  per  ampere  carried  by  the 
bond.  Short  lionds  may  be  operated  at  a  much  greater  current 
density.  The  latter  is  of  value  in  handling  rush  loads  of  short 
duration. 

Cross  Bonding.    In  order  to  maintain  the  current  in  the  two  rails 
of  the  track  return  circuit  as  nearly  equal  as  possible  and  to  care  for 
a  pos^ble  open  bond,  the  two  running  tails  should  be  bonded 
together  by  "cross  bonds."    These  make  contact  at  the  web  of 
the  rail  or  at  the  outade  of  the  rail  head.     The  spacing  of  cross 
bonds  depends  upon  the  density  of  traffic.     In  city  work  it  is  cus- 
tomary to  place  them  about  three  pet  looo  ft.     They  are  spaced 
from  this  to  1500  ft.,  but  com- . 
monly    looo  ft.   in  interutban 
work.    Where  track  circuit  sig-  ■ 
nal  systems  are  used  the  matter 
of  ctoss  bonding  must  be  con-  . 


Baldered  OomwctlOD 
Pio.  57. — Bonding  uoued  iwitcfa.    PiG.  58. — Bonding  aroDDd  bnutch-ofl. 

sidered  in  its  relation  to  the  signal  system.  Cross  bonding  may 
be  entirely  prohibited  or,  in  the  case  of  alternating  current  signal 
systems,  it  may  be  provided  by  inductive  bonds  (see  page  893). 
BondhiK  at  Special  Work.  Special  work  must  be  removed  com- 
paratively frequently,  its  joints  are  subject  to  great  vibration  and 

offer    construction    difficulties     to 

bonding,  it  is  of  steel  having  low  " 
conductivity,  and  it  contains  many 
joints.  Thus,  the  bonding  of  joints  - 
through  special  work  in  a  manner  - 
amilar  to  that  on  ordinary  trackis  pio.ss.-Bcmdin^a, 
unrehable.  It  has  been  found  satis- 
factory to  bond  around  special  work  by  means  of  bare  stranded 
copper  (500,000  to  1,000,000  cir.  mil  cable  is  commonly  used  for 
this  work).  Figs.  S7  to  61  .inclusive,  give  schemes  tor  bonding 
around  several  typical  pieces  of  special  work.  It  is  the  practice 
of  many  roads  to  bond  through  as  well  as. around  special  work. 
This  is  necessary  in  dt^  work  and  is  done  by  connecting  each 
piece  of  rail  in  the  special  work  to  the  cable  which  bonds  around 
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the  special  work,  or  by  bonding  the  joints  in  the  special  work,  u 
in  straight-away  track  construction.    As  in  the  case  of  cross  bond-  j 
ing,  where  track  signal  systems  are  used,  bonding  at  special  work 
should  be  conddered  in  its  relation  to  the  sign^  system.     Much 
care   should  be  taken    to  insure 
good  contact  at  the  terminals  of 
cables  used   in    bonding   around   I 
special    work.       The     foUowing  . 
briefly  outlines  the   tests  and  re- 
sults of  the   Chicago     Board   of  i 


Supervi^ng  Engineers,  iQii,  in  the  determination  of  the  proper 

method  to  use  in  attaching  such  auxiliary  cables: 
The  testa  comprised  five  different  types  of  terminals. 
First.     Welded  connection  (Fig.  63)  in  which  the  weld  is  made 
under  current  of  15,000  amperes  1025,000  amperes  applied  with  9ui 
and  spelter  and  a  final  compres^on  of  about  15  tons. 


Second.  The  same  type  of  joint  with  a  conaderable  reduction 
in  the  final  pressure  applied. 

Third.  Welded  connection  in  which  the  cable  is  inclosed  by  a 
mold  containing  an  overflow  chamber  and  clamped  against  the 
freshly  cleaned  web  of  the  rail.  Espedally  pr^wred  copper  is 
poured  into  this  mold. 
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Fourth.  Bolted  type  terminal  (Fig.  62)  constructed  especially 
for  this  experimental  work  and  so  designed  that  the  thickness  of 
copper  and  the  length  of  iron  bolt  are  inversely  proportional  to  the 
expansion  coefficients  of  copper  and  iron,  so  that  the  changes  in 
temperature  will  not  tend  to  loosen  the  connection.  This  type 
was  tested  under  varying  compressions  with  both  increasing  and 
decreasing  loads  and  plain  as  well  as  amalgamated  surface. 

Fifth.  A  multiple-pin  type  terminal,  which  was  made  up  from 
standard  bond  terminals. 

An  analysis  of  the  general  results  of  the  tests  indicates: 

First.  A  very  large  improvement  in  the  conductivity— over  50 
per  cent. — of  Type  i,  by  reducing  the  final  compression  as  noted 
under  the  description  of  Type  2. 

Second.  Under  a  pressure  of  about  75,000  lb.  or  50,000  lb.  per 
square  inch  the  improvement  in  conductivity  practically  ceases. 

Third.  Bolted  type  terminals  show  ten  to  fifteen  times  greater 
unit  conductivity  than  either  of  the  welded  type  terminals  and  at 
about  one-half  the  cost  per  terminal. 

Fourth.  The  cable  weld  (Fig.  62)  showed  the  greatest  mechan- 
ical strength — 13,200  lb.  shear  per  square  inch  of  contact. 

Fifth.  A  bolted  t3rpe  terminal  can  be  developed  which  will  be 
suitable  for  installation  in  limited  niunbers,  while  for  a  large  number 
of  connections  the  cable  weld  is  most  desirable  on  accoimt  of  its 
higher  mechanical  strength  and  conductivity  at  lower  cost. 

As  a  result  of  these  tests  it  was  decided  to  adopt  the  electrically 
welded  terminal  as  the  standard.  This  standard  is  now  in  force 
on  the  lines  of  the  Chicago  City  and  Chicago  Railways  companies. 

Code  of  Bonding  Precautions.  To  insure  proper  attention  to 
details  essential  to  proper  bonding  the  bonding  department  should 
be  provided  with  a  code  of  bonding  precautions.  The  following 
is  an  example  of  such  a  code  b^  Mr.  Howard  H.  George,  Electric 
Railway  Journal,  1914,  for  the  installation  of  pin  terminal  bonds. 

I.  Every  roadmaster  and  foreman  should  see  that  one  or  more  men  in 
each  gang  are  taught  the  proper  way  of  installing  bonds,  and  should  be 
sure  that  any  bonding  done  thereafter  is  performed  by  these  men. 

a.  When  renewing  rail  or  joint  plates  on  single  track  in  operation,  care 
should  be  taken  not  to  open  or  disconnect  both  rails  at  the  same  time,  as 
this  would  open  the  return  circnit  by  which  the  current  returns  from  the 
cars  to  the  power  house.  When  it  is  absolutely  necessary  to  open  both  rails, 
a  long  copper  jumper  should  be  installed  to  connect  the  open  ends  so  that 
the  path  of  the  return  circuit  shall  not  be  interrupted.  This  applies -more 
particularly  to  road  ends  and  interurban  lines. 

^.  Whenever  any  track  is  opened  up  and  any  ground  wires  for  electric 
lights,  lightning  arresters,  or  other  electrical  apparatus  which  should  be 
connected  to  the  rail,  are  found  disconnected,  they  should  be  reported  at 
once  to  the  bond  inspector  or  distribution  department,  so  that  they  may  be 
repaired  before  the  track  is  closed  up.  This  is  very  important  and  should 
receive  careful  attention. 

A.  No  bond  holes  should  be  drilled  until  just  before  the  bonds  are  ready 
to  oe  put  in.  There  are,  of  course,  times  when  it  is  desirous  to  have  the 
holes  drilled  before  the  rail  is  placed  on  the  ties.  When  this  occurs,  it  is 
necessary  to  place  a  tight-fitting  plug  in  the  hole  as  soon  as  it  is  drilled  to 
avoid  any  possible  introduction  of  moisture.  To  drill  a  hole  a  day  or  two 
before  and  not  protect  it  from  moisture  means  a  film  of  rust  in  the  hole, 
whidh  will  greatly  increase  the  resistance  of  the  joint. 

5.  Old  bonds  should  never  be  used  again  because  they  become  battered 
up  in  driving  them  out.  .  Then,  when  they  are  put  in  again  they  will  not 
make  good  contact  with  the  rail,  which  means  a  poor  bond.     Where  a  bond 
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is  removed  from  the  rail  it  is. not  advisable  to  use  the  same  hole  in  putting 
in  a  new  bond,  unless  some  precautionary  methods  are  used.  The  proper 
way  is  to  drill  a  new  hole,  but  as  this  is  not  allowable  in  some  types  of  rails 
ream  out  the  old  hole  and  use  a  bond  with  a  special  large  sized  terminal. 

6.  Great  care  should  be  taken  with  the  drills  used  in  making  bond  holes. 
If  an  improperly  ground  drill  is  used  the  hole  will  be  irregular  and  oval 
shaped,  tnus  givjn^  a  poor  contact  between  the  terminal  and  the  rail.  All 
dull  and  broken  drills  should  be  carefully  boxed,  labeled  and  sent  to  the  shop 
to  be  reground,  where  the  company  has  installed  a  special  machine  for  the 
purpose  to  do  the  work  perfectly  and  at  much  less  expense  than  could 
possibly  be  done  by  hand. 

7.  In  drilling  bond  holes  never  use  oil  to  lubricate  the  drills.  It  is  better 
not  to  use  anything,  but  where  it  is  absolutely  necessary  to  use  a  lubricant, 
nothixig  more  than  a  soda  solution  should  be  employed. 

8.  Holes,  after  being  drilled,  -should  be  carefully  cleaned  of  any  chips, 
and  wiped  dry  of  any  solution  that  may  have  been  used  to  lubricate  the  drills. 
The  holes  must  have  a  smooth  and  dry  surface  so  that  the  bond  terminal 
will  make  a  good  contact  all  around. 

9.  With  a  proper-sized  hole,  the  bond  terminal  will  make  a  very  snug 
fit,  not  small  enough  to  have  to  be  driven  with  a  heavy  maul  nor  large  enough 
to  be  put  in  easily  with  the  hands.  It  should  require  a  couple  of  taps  with 
a  hammer  weighing  about  3  lb.  With  a  heavy  hammer  or  spike  maul,  the 
head  of  the  bond  terminal  is  very  likely  to  be  battered,  and  the  t^per  punch 
struck  on  the  slant,  causing  it  to  split  and  bend  the  terminal. 

10.  After  the  bond  terminals  are  in  position,  always  drive  the  long  steel 
taper  punch  entirely  through  the  terminal,  taking  care  to  strike  the  punch 
squarely  on  the  head.  The  small  end  of  this  ];>unch  should  be  dipped  in  some 
kind  of  heavy  grease,  such  as  track  grease,  just  before  it  is  driven  through 
each  terminal.  The  grease  will  lubricate  the  sides  of  the  punch,  thereby 
expanding  the  terminals  and  not  drawing  the  copper  with  the  punch. 

11.  Drive  into  each  of  the  expanded  terminals  one  of  the  short  drift  pins, 
thus  expanding  the  copper  a  little  more.  This  pin  should  be  driven  in  until 
it  is  just  flush  with  the  head  of  the  bond  terminal. 

12.  The  bond  should  then  be  shaped  by  straightening  out  the  bond  con- 
ductors, and  forming  them  so  that  they  will  not  be  cut  by  either  the  track 
bolts  or  the  splice  bars.  If  it  is  a  36-in.  bond,  it  should  be  so  shaped  that  it 
will  in  no  way  interfere  with  the  removal  of  the  splice  bars. 

13.  The  bond,  and  particularly  the  bond  terminals  on  both  sides  of  the 
rail,  are  to  be  painted  with  some  good  weatherproof  paint,  care  being  taken 
to  see  that  the  paint  fills  the  space  back  of  the  terminal  heads. 

Economic  Replacement  of  Bonds.  The  length  of  life  of  a  rail 
bond  in  place  may  be  anything  up  to  the  length  of  life  of  the  rails 
it  connects,  depending  upon  the  degree  of  perfection  of  the  installa- 
tion and  the  condition  and  care  of  track.  The  life  of  a  bond  may 
terminate  at  actual  breakage  or  at  the  point  at  which  its  resistance 
becomes  such  that  the  voltage  drop  becomes  too  great  or  the  saving 
of  energy  brought  about  by  its  renewal  will  justify  the  total  cost  of 
such  renewal.  The  chart,  Fig.  63,  gives  a  method  of  detemtining 
the  resistance  of  a  bond  in  terms  of  feet  of  adjacent  rail  at  which 
a  bond  should  be  renewed,  considering  financial  economy  only. 
It  shows  the  increase  in  resistance  over  that  of  a  well-bonded  joint 
at  which  the  energy  saving  amortizes  the  cost  of  replacement  in  a 
given  number  of  years.  The  use  of  the  chart  is  explained  by  the 
following  example,  solution  of  which  is  shown  by  the  dotted  lines 
on  Fig.  63:  R.m.s.  current  in  track,  450  amperes;  weight  of  rail, 
90  lb.  per  yard;  cost  of  energy  saved,  $0.0025  per  kw.-hr.;  cost  of 
bond  renewal,  $2.00  per  bond;  estimated  life  of  bond,  7  years; 
interest,  5  per  cent.  Chart  shows  that  joints  in  this  case  should 
be  rebonded  when  resistance  is  (approximately)  27.6  ft.  of  rail  more 
than  resistance  of  newly  bonded  joint. 

Bond  Testing.    An  inspection  to  determine  the  condition  of  the 
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the  terminals  in  various  p 
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smooth  file,  emery,  and  crocus  to  remove  all  burrs,  and  then  etching 
with  a  miiture  of  strong  sulphuric  and  nitric  adds,  when  the  de- 
fective welds  will  show  as  fine  black  lines,  and  the  actual  welda  and 
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the  form  of  the  various  component  parts  of  the  bond  at  that  surface 
can  be  traced  by  the  different  colors  of  the  metal  after  etching. 

Bonded  Joint  Testing.  Joints  should  be  tested  immediately 
after  installation  of  bonds.  At  this  time  compressed  or  expanded 
terminal  bonds  should  be  tested  for  electrical  resistance,  and 
soldered,  brazed  and  welded  bonds  should  be  subjected  to  both 
hammer  and  electrical  resistance  tests.  Throughout  the  life  of 
the  bonds,  joints  should  be  kept  under  inspection  to  a  degree 
depending  upon  the  condition  and  character  of  the  roadbed,  the 
intensity  of  traffic,  the  cost  of  energy,  danger  from  electrolysis, 
and  the  voltage  drop  allowable  for  good  operation  or  permitted  by 
local  ordinance.  There  are  two  general  methods  of  testing  bonds: 
one,  an  aggregate  test,  is  a  test  to  determine  the  resistance  of  a  whole 
section  of  track,  thereby  giving  a  general  idea  of  its  condition;  the 
other  is  an  individual  test  of  each  joint  in  the  track. 

Aggregate  Test  of  Return  Circuit  (See  '^  Determination  of 
Potential  Drop  in  Rails,"  page  722.) 

Lidividual  Joint  Bond  Testing.  An  individual  test  is  necessary 
to  determine  the  exact  condition  of  the  individual  bonds.  Many 
methods  and  various  t3rpes  of  apparatus  have  been  devised  for 
such  testing.  The  resistance  of  the  bonded  joint  is  generally  com- 
pared with  the  resistance  of  adjacent  rail  by  comparing  the  voltage 
drops  across  this  joint  and  in  the  rail,  accompanying  the  flow  of 
current  through  joint  and  rail. 

General  Classiflcation  of  Bond  Testing  Apparatus: 

Hand  instruments 
One-man  instruments 
Sight 

Double  millivoltmeters  • 

Roller  direct  reading 

Standard  for  returns  with  40-50  amperes 
High  sensibility  type  using  battery  impressed  10-13  amperes 
Sound 
Conant 
Crown 
Two-man  instruments 
Sight 

Differential  millivoltmeter,  balanced  by  measuring  adjacent  rail 

with  steel  tape 
Double  millivoltmeter,  balanced  in  same  manner 
Test  Cars 

Two  classes  of  propulsion 
Self-propelled 
Trailer 
Two  classes  current  through  joints 

Circulation  from  low-voltage  motor  generator  set 
Resistance  and  propelling  current 
Pour  classes  indication 
Automatic  recording  and  marking 
Automatic  signaling  and  marking 
Automatic  signaling  and  hand  marking 
Indicating  and  hand  marking. 

Typical  ]9and  Bond  Testing  Instruments.  The  instrument 
consists  essentially  of  two  parts:  first,  a  folding  framework  fitted 
with  three  steel  rail  contacts  3  ft.  apart  as  shown  in  Fig.  64;  and 
second,  a  standard  differential  voltmeter  controlled  by  a  two-point 
switch  (in  the  circuit  through  the  unjointed  rail).    As  shown  in 
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Fic.  64.— Contact  ffame  for  hand  bond  testing. 
rail  between  the  center  and  tte  other  outer  terminal.    It  the  volt- 
meter reading  indicates  a  joint  conductivity  of  i 
over,   this   ia   the  only 
observation     required. 
If    less    than    100    per 
cent.,  the  voltmeter  is 
connected    up    with   a 


points 
along  the  rail  until  3 
balance  appears  on  the 
differential  voltmeter. 
The  conductivity  of  the 
joint  may  be  then  com- 
puted from  the  relative 
rail  distances  iocluded 
between  points.  An 
average  01  about  200 
joints  may  be  tested  in 
a  day  of  8  hours  on  a 
fairly  free  track,  which 
corresponds  to  slightly 
over  a  mile  of  single 
track  a  day  per  man. 

The  scheme  of  con- 
nections of  another  typ- 
ical hand  bond  tester 
(the  Roller  Smith)  is 
shown  in  Fig.   65.     It 
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mechanism  as  shown.  The  contacts  are  made  of  short  pieces  of  hack- 
saw blades  held  in  clamps.  By  rocking  the  handle  H  of  the  bar  at 
right  angles  to  the  rails  the  blades  saw  through  the  dirt  and  scale  on 
the  rails  and  insure  good  contacts.  The  principle  of  operation  is 
that  of  the  Wheatstone  bridge.  By  turning  the  handle  K  the 
resistance  of  the  two  legs  of  the  circuit  is  varied.  The  indicator 
attached  to  the  handle  K  moves  around  a  scale  which  is  so 
graduated  as  to  read  directly  the  resistance  of  the  section  con- 
taining the  bond  in  terms  of  the  resistance  of  unbroken  rail  when 
the  needle  deflection  is  zero. 

Bond  Test  Car.  A  test  car  makes  possible  a  rapid  and  complete 
report  of  the  entire  track  by  making  a  continuous  record  of  track 
condition  and  location  as  the  car  proceeds  at  a  speed  of  8  or  lo 
miles  per  hour.  As  a  motor-generator  set  may  be  carried,  its 
operation  may  be  independent  of  the  current  in  the  track  due  to 
ordinary  traffic  and  it  may  be  operated  where  trafl&c  conditions 
are  such  as  to  make  hand  bond  testing  highly  difficult  or  impossible. 
Tests  may  be  made  by  it  with  great  rapidity,  thus  affording  knowl- 
edge of  the  true  condition  and  location  of  bonds  of  a  whole  S3rstem 
in  a  very  short  time. 

Electrolysis 

The  electrolytic  corrosion  of  earthed  metallic  conductors  pro- 
ceeds at  a  rate  dependent  upon  the  rate  of  flow  of  the  current  which 
leaves  the  nietallic  conductor  for  the  earth. 

Theoretical  Rate.  With  an  oxidizing  anode  the  weight  of  anode 
corroded  by  i  ampere  in  i  second  is  equal  to  the  electro-chem- 
ical equivalent  of  the  metal  of  the  anode.  The  amount  of  metal 
(pounds)  corroded  by  i  ampere  in  i  year  is  equal  to  the 
electro-chemical  equivalent  of  the  metal  (grams)  multiplied  by 
60  X  60  X  24  X  365  X  0.0022046,  the  latter  figure  being  the  con- 
version factor  between  grams  and  pounds.  The  product  of  these 
factors  is  69,524,  which  may  be  termed  the  conversion  factor  be- 
tween the  electro-chemical  equivalent  of  a  metal,  as  usually  ex- 
pressed in  grams,  and  the  theoretical  amount  of  such  metal,  in 
pounds,  which  would  be  corroded  by  the  electrolytic  action  of  i 
ampere  in  i  year.    The  values  are  as  follows: 


Metal 

Electro-chemical 
■    equivalent,  grams 

Corroded    by    i 
ampere  in  i  year, 
pounds 

Iron  (ferrous)   

0 . 0002895 
0.0010718 

20. 1 

Lead ^ 

74. S 

• 

Variations  from  Theoretical  Rate.  In  a  paper  on  electrol3rtic 
corrosion  (Trans.  A.I.E.E.,  1913),  McCoUum  and  Logan  show 
results  of  some  very  extended  studies  by  the  U.  S.  Bureau  of  Stand- 
ards on  the  variations  from  the  above  theoretical  rate.  Some 
of  their  conclusions  are  as  follows,  their  term  "  efficiency  of  corro- 
sion" being  based  on  the  above  theoretical  rate  as  100  per  cent 
They  state  that  the  current  density  has  a  marked  effect  on  the 
corrosion  of  iron  in  soils,  the  efficiency  of  corrosion  being  in  general 
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greater  as  the  current  density  is  lower.  In  saturated  soil  the  cor- 
rosion may  vary  between  20  and  140  per  cent,  for  a  range  of  cur- 
rent density  var^ng  from  about  5  to  0.05  miUi-amperes  per  square 
centimeter.  Moisture  content  luis  also  a  marked  effect  on  effi- 
ciency of  corrosion,  it  being  in  general  greater  with  increased 
moisture  content  up  to  saturation  of  soil.  Temperature  changes 
within  the  limits  commonly  encountered  in  general  practice  have 
no  marked  effect  on  corrosion  efficiency,  neiSier  has  the  depth  of 
burial  of  pipes,  other  conditions  remaining  constant.  The  amount 
of  oxygen  present  has  no  appreciable  effect  on  Uie  efficiency  of 
corrosion  in  the  case  of  iron  immersed  in  liquid  electrolyte,  but  it 
has  a  marked  effect  on  the  end  products  of  corrosion.  If  the 
corrosion  is  rapid  and  supply  of  oxygen  small,  there  will  be  a  pre- 
ponderance of  magnetic  oxidey  while  if  the  rate  of  corrosion  is  low 
and  the  supply  of  oxygen  abundant,  the  ferric  oxide  will  pre- 
dominate. Owing  to  the  fact^  that  the  supply  of  oxygen  around 
pif>es  buried  in  earth  is  always  more  or  less  limited,  Uie  character 
of  the  oxides  formed  gives  some  indication  as  to  the  rate  of  cor- 
rosion, and  thus  indirectly  as  to  the  cause  o(  the  corrosion  if  local 
conditions  are  properly  considered.  The  efficiency  of  corrosion  was 
found  not  to  be  a  function  of  the  voltage,  except  in  so  far  as  the 
current  density  may  be  affected.  Voltages  as  low  as  o.i  to  0.6 
volt  showed  practically  the  same  efficiency  of  corrosion  as  5  to 
to  volts  or  higher.  Corrosion  tests  on  a  large  number  of  (Afferent 
kinds  of  soil  from  widely  different  sources  with  average  moisture 
content  and  current  density  indicated  that  corrosion  efficiency 
between  50  to  no  per  cent,  may  usually  be  expected  under  most 
practical  conditions. 

Resistance  of  Soils.  With  a  given  potential  difference  between 
two  earthed  metallic  structures,  the  amount  of  current  which  will 
flow  between  them  is  dependent  not  only  on  the  contact  resistance 
but  also  upon  the  resistance  of  the  soU.  Relative  to  the  latter, 
McCollum  and  Logan  state  that  the  resistance  of  soils  varies 
throughout  a  very  wide  range  with  variations  in  moisture  content, 
the  resistance  of  the  comparatively  dry  soil  being  of  the  order  of 
several  hundred  times  the  resistance  of  Uie  same  soil  at  about 
saturation.  Above  saturation  increase  in  moisture  content  has 
but  little  effect  on  the  resistance  of  the  soil.  The  resistance  of  the 
soil  varies  greatly  with  temperature  widiin  the  ordinary  range 
encountered  in  practice.  In  the  case  of  the  soils  tested  the  resist- 
ance at  18  deg.  below  zero  C.  was  over  two  hundred  times  as  great 
as  at  18  deg.  above  zero  C.  Even  at  about  freezing  temperature 
the  resistance  wiU  be  several  times  that  at  summer  temperatures. 
This  has  an  important  bearing  on  the  magnitude  of  the  electrolysis 
trouble  that  may  occur  at  different  seasons  and  also  indicates  that 
where  practicable  voltage  surveys  should  not  be  made  when  ex- 
tremely low  temperatures  prevaH.  These  authors  give  a  table  of 
the  specific  resistance  of  soils  as  found  in  Philadelphia,  Washington, 
St.  Ix>uis  and  elsewhere,  showing  it  to  vary  between  the  extremes 
of  400  ohms  per  cubic  centimeter  for  a  St.  Louis  blue  clay  with 
26  per  cent,  moisture,  and  2,340,000  ohms  per  cubic  centimeter  for 
Washington  air  dry  red  clay  with  4  per  cent,  moisture. 

45 
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Contact  Resistance.  Polarization  and  film  resistances  at  the 
surface  of  the  pipes  may  be  an  important  factor  in  current  flow. 
As  soon  as  an  electromotive  force  is  applied  to  a  buried  pipe  the 
current  flow  drops  off  rapidly  with  time,  especially  during  the  first 
few  minutes,  due  to  the  setting  up  of  coimter  electromotive  forces 
and  the  formation  of  film  resistances.  McCollum  and  Logan  show 
the  effective  resistance  as  a  function  of  time  after  the  application 
of  about  6  volts  between  two  short  lengths  of  cast-iron  pipe 
buried  about  12  ft.  apart.  The  initial  resistance  of  about  18 
ohms  practically  doubled  within  half  an  hour  after  the  voltage 
was  applied  and  after  that  the  resistance  remained  practically 
constant.  In  this  case  the  effect  of  polarization  and  film  re- 
sistance was  practically  as  great  as  the  total  soil  re^tance  between 
the  pipes. 

The  character  of  the  electric  railway  roadbed  is  an  important 
factor  in  determining  the  extent  of  leakage  of  stray  current  into 
the  earth.  A  well>drained  rock  or  concrete  roadbed  may  in  general 
be  expected  to  offer  much  higher  resistance  to  the  leakage  of  current 
than  one  in  which  the  construction  is  such  that  a  large  amount  of 
moisture  is  retained. 

Electrolysis  Tests 

Usual  Polarities.  With  the  common  arrangement  of  coimecting 
the  positive  terminal  of  the  railwav  generator  to  the  trolley  and  the 
negative  to  the  rails,  the  general  path  of  stray  currents  is  from 
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Pig.  66. — Sample  potential  survey. 

the  rails  through  earth  to  pipes  or  cable  sheaths  at  places  distant 
from  the  power  station,  through  the  pipes  or  cable  sheaths  and 
from  these  through  the  earth  back  to  the  rails  or  other  return  con- 
ductors in  the  vicinity  of  the  power  station.  Where  current  tends 
to  flow  from  the  rail  to  a  buried  pipe  or  cable  sheath  the  rail  has 
a  positive  potential  with  reference  to  the  buried  conductor  which 
is  negative.  This  is  generally  known  as  the  negative  district. 
Where  current  tends  to  flow  nrom  a  buried  conductor  to  the  rail 
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the  buried  conductor  has  a  positive  potential  with  reference  to  the 
rail,  and  this  is  usually  known  as  the  positive  district.  The  inter- 
mediate district  where  the  potentiab  ma^  shift  from  positive  to 
negative  is  sometimes  called  the  neutral  district. 

Potential  Survey.  As  the  polarity  of  the  earthed  conductor  is 
indicative  of  the  tendency  of  current  to  flow,  and  electrolytic  cor- 
rosion only  takes  place  where  current  leaves  the  current  conductor 
for  earth,  the  first  set  of  tests  is  generally  a  set  of  potential  readings 
and  is  called  potential  survey.  It  is  permissible  and  the  usual 
practice  to  use  hydrants  or  service  connections  for  a  contact  to 
underground  piping  system.  These  readings  are  usually  made 
with  a  low-reading  voltmeter,  preferably  with  the  zero  indication 
in  the  center  of  the  scale,  and  readings  are  taken  in  a  large  number 
of  places  throughout  the  system  between  the  rails  and  the  biuied 
conductors  (pipes  or  cable  sheaths).  The  voltmeter  used  should 
preferably  have  a  high  resistance  to  minimize  the  effect  of  accidental 
poor  contact.  A  Weston  high  resistance  zero  center  voltmeter 
with  ranges  of  1.5,  15  and  150  volts  is  a  very  satisfactory  instru- 
ment. Readings  should  be  taken  at  intervals  of  a  few  seconds  for 
several  minutes  at  each  point  and  notation  made  of  the  location 
and  of  the  maximum,  minimum  and  average  readings.  It  is  de- 
sirable to  plot  these  potential  readings  graphically  on  a  map  similar 
to  Fig.  66,  where  the  differences  of  potential  between  dty  water 
mains  and  street  railway  tracks  are  shown  graphically  plotted  with 
the  latter  as  a  base  Une.  It  is  also  desirable  to  show  on  this  map 
the  size  and  location  of  the  various  pipe  systems.  A  more  detailed 
map  of  this  character  is  shown  in  Fig.  67  which  is  an  actual  potential 
survey  in  the  Grand  Avenue  substation  district  of  the  Chicago  Rail- 
ways Company.  This  figure  is  reproduced  from  the  Fourth  Annual 
Report  of  the  Board  of  Supervising  Engineers,  Chicago  Traction. 

Potential  Readings  Merely  Indicative.  It  should  be  remembered 
alwa3rs  that  the  potential  difference  between  pipes  and  rails,  even 
if  large,  is  not  conclusive  evidence  of  stray  currents,  but  is  only 
an  indication  of  the  points  at  which  current  may  be  flowing  from 
rails  to  pipes  or  from  pipes  to  rails  or  between  other  conductors. 
In  fact,  a  high  potential  reading  is  generally  an  indication  of  high 
earth  resistance  and  consequently  a  small  current  flow  rather  than 
of  a  large  current  flow. 

Direction  and  Relative  Magnitude  of  Current  Flow  in  Under- 
l^oand  Conductors.  Tests  to  determine  the  direction  of  current  flow 
in  underground  conductors  may  be  made  by  measuring  potential 
differences  between  two  points  in  the  imderground  conductor. 
A  zero  center  Weston  miUi-voltmeter  with  scsdes  of  10  and  100 
millivolts  is  a  satisfactory  instrument  for  this  test  and  connections 
may  be  made  to  the  cable  sheath  in  two  adjacent  manholes  or  on 
the  piping  system  between  hydrants  or  service  connections  100  or 
200  ft.  apart.  These  readings  which  are  clearly  indicative  of  the 
direction  of  current  flow  may  be  used  in  the  calculation  of  the 
amount  of  current  flow  in  the  case  of  cable  sheaths  where  the 
resistance  per  foot  can  be  quite  accurately  known  and  is  not 
seriously  affected  by  joint  resistances.  In  the  case  of  pipes,  how- 
ever, such  readings  can  only  be  used  as  an  indication  of  the  relative 


708 


ELECTRIC  RAILWAY  HANDBOOK 


^••viw 


My  qiH'' 


CURRENT  IN  UNDERGROUND  PIPES     709 

magnitude  of  currents  because,  especially  in  the  case  ol  the  ball 
and  spigot  joint  usually  used  in  cast-iron  pipes,  the  resistances  vary 
so  greaUy  that  it  is  not  possible  to  make  any  accurate  assumption 
as  to  the  resbtance  of  a  considerable  length  of  pipe,  including  the 
joints. 

Current  Flow  in  Pipes.  In  only  one  way  can  an  accurate  de- 
termination be  made  of  the  current  flow  in  imderground  piping 
systems,  this  method  with  its  modifications  being  a  determination 
of  the  potential  drop  in  a  continuous  length  of  pipe  between 
joints,  and  the  application  of  Ohm's  Law,  knowing  the  resistance 
of  the  pipe  between  the  points  of  contact.  Knowing  the  weight 
of  the  pipe  per  foot,  exclusive  of  hubs  or  joints,  the  resistance  per 
foot  may  be  calculated  by  dividing  the  resistance  in  ohms  per 
pound-foot  by  the  weight  per  foot.  The  following  is  a  table  of 
resistances  in  ohms  per  pound-foot  of  various  pipe  materials: 

Cast  iron o .  00144   ohm  per  pound-foot 

Wrought  iron o. 000181  ohm  per  pound-foot 

Steel o .  oooai    ohm  per  pound-foot 

Lead o. 00048   ohm  per  pound-foot 

A  table  showing  the  resistance  per  foot  of  various  sizes  and 
weights  of  American  Water  Works  Association  cast-iron  pipe, 
American  Gas  Institute  standard  cast-iron  pipe,  standard  wrought- 
iron  pipe  and  standard  pipe  steel  is  shown  (pp.  710  et  seq.)  in  order 
to  simplii^  these  calculations.  In  making  these  current  measure- 
ments, it  IS  necessary  to  have  a  perfect  metallic  contact  Ibetween 
the  pipe  and  the  mUli-voltmeter  leads,  and  it  is  therefore  neces- 
sary to  expose  the  pipe  where  current  measurements  are  to  be 
made.  The  best  contact  is  obtained  by  soldering  the  leads  directly 
to  the  pipe,  especially^  where  readings  are  to  be  taken  over  a  con- 
siderable period  of  time.  It  is  sometimes  convenient  to  carry 
these  milli-voltmeter  leads  as  rubber-covered  wires  through  a 
conduit  to  a  box  at  the  curb  so  that  later  readings  may  be  taken 
conveniently.  In  such  cases  it  is  necessary  to  have  a  calibration 
of  the  milli-voltmeter  including  such  leads. 

Where  measurements  are  to  be  made  in  a  pipe,  the  weight  or 
resistance  of  which  is  not  definitely  known,  and  it  is  required  that 
the  determination  of  current  be  made  with  accuracy,  a  determina- 
tion of  the  resistance  and  current  may  be  made  by  one  of  the 
methods  described  by  Dr.  Carl  Hering  (Trans.  A.I.E.E.,  1912) 
as  follows: 


hF-wyyw 


Pig.  68. — Determination  of  current  flow  in  pipes. 

The  fundamental  principle  is  as  follows.    Let  P,  Fig.  68,  be  a 
part  of  an  underground  pipe  which  has  been  uncovered  and  through 
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Table   for  Determination   op   Current   Flow    on    Piping 
FROM  Millivolt  Drop  along  Continuous  Length 
OF  Pipe  between  Joints 


L 
E 

K 

KE 


Distance  between  contacts  in  feet 
Instrument  reading  in  millivolts 
Constant  from  table 

Current  flow  in  amperes. 


Standard  Cast-iron  Pipe 
(Based  on  Resistance  of  0.00144  ohm  per  Ib.-ft.) 


Classification 

Actual 
dimensions 

Weight 

per  ft. 

exclu- 
sive 
of 

hub- 
lb. 

K-current 

for  one 

millivolt 

drop  per 

foot  of 

continuous 

pipe— 

ampexes 

Nomi- 
nal 
diam- 
eter, 
inches 

•Asso- 
ciation 
stan- 
dard 

Class 

letter 
t 

Head, 
feet 

Pressure, 
lb.  per 
sq.  in. 

Out- 
side 
diam- 
eter, 
inches 

Inside 
diam- 
eter, 
inches 

4 
4 
4 

4 
4 

A 

N 
N 

n 

G 
W 

N 

N 
W 
N 
W 
W 

N 
N 
G 

W 
N 
W 

N 
W 

N 

W 
W 

w 

w 
w 

N 
G 
W 

N 
W 

N 

A 
C 
B 

4.80 
4.80 
4.60 

4.80 
4-8o 
5.00 

5.00 
5.00 
5.00 
5.00 
5. 00 

6.90 
6.90 
•6.90 

6.90 
6.90 
7.10 

7.10 
7.10 
7.10 

7.10 

7.23 
7.33 

7.38 
7.38 

9.0s 
9.0s 
9.05 

9.0s 
9.0s 
9.0s 

4.12 
4.08 
4.0a 

4.00 
3.96 
4.16 

4.10 
4. 10 
4.04 
4.04 

3.90 

6.14 
6.06 
6.04 

6.02 
S.98 
6.14 

6.Z0 
6.08 
6.02 

6.00 
6.06 
6.00 

6.08 
6.00 

* 

8.21 

8. IS 
8. 13 

8.09 
8.03 

7.99 

14.9 
IS. 7 
z6.9 

17.2 
18.0 
18.9 

30.0 
30.0 

31.3 
21.3 
22.8 

34.3 
20.7 
27.2 

27.8 

39.1 
31.  I 

33.4 
32.9 
34.8 

35.3 
37.7 
39.6 

42.8 
4S.3 

3S.5 
37.9 
38.7 

40.3 
42.7 
44-3 

10.3 
10.9 

II. 7 

la.o 

A 
G 

I     . 

B 

K 

C 

D 

A 
C 

100 

43 

12.5 
13.  z 

4 
4 

4 
4 

4 

6 

13-9 

300 

86 

\i.l 

300 
400 

130 
173 

14.8 
IS. 8 

16.9 

6 

18.5 

6 

18.9 

6 
6 

A 

E 
B 

G 
C 

I 

D 
E 
F 

G 
H 

A 

100 

43 

19.3 
ao.3 

6 
6 

300 

86 

31.6 
23.5 

6 
6 

300 

130 

32.8 
^4.2 

6 
6 
6 

6  • 
6 

8 

400 
500 
600 

700 
800 

173 
217 
360 

304 
347 

34.5 
36.3 

37.4 
39.7 

3X-4 

34.7 

8 

36.3 

8 
8 

A 

C 
B 
£ 

100 

43 

36..  9 

38.0 

8 
8 

200 

86 

29.6 
30.7 

*W  —  American  Water  Works  Association  Standard 
N  >  New  England  Water  Works  Association  Standard 
G   B  American  Gas  Institute  Standard, 
t  As  used  by  the  American  Water  Works  Association  and  the  New  Bogland 
Water  Works  Association. 
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Standard  Cast-iron  FrPE.-^orUinued 
(Based  on  Resistance  of  0.00144  o^in  per  Ib.-ft.) 


Classification 


Nomi- 
nal 
diam- 
eter, 
inches 


*Asso» 
ciation 
stan- 
dard 


Class 
letter 

t 


Head, 
feet 


Pressure, 
lb.  per 
sq.  in; 


Actual 
'dimensions 


Out- 
side 

diam- 
eter, 

inches 


Inside 
diam- 
eter, • 
inches 


Weight 
per  Ft. 
exclu- 
sive 
of 
hub- 
lb. 


K-current 

for  one 

millivolt 

drop  per 

foot  of 

continuous 
pipe- 
amperes 


8 
8 
8 

8 
8 
8 

8 
8 

10 
10 
10 

10 
10 
10 

10 

ID 

10 

10 
10 
10 

10 
10 
10 

10 
10 

X2 
12 
12 

12 
12 
12 

Z2 
12 
12 

12 
12 
12 

12 
12 

12 


w 

N 
W 

N 
W 
W 

w 
w 

N 
G 

N 

W 

N 
N 

W 

N 
W 

N 
N 
W 

N 
W 
W 

w 

w 

N 
N 
G 

W 

N 
N 

W 

N 
W 

N 
N 
W 

N 
W 
W 


c 

G 
D 

I 
B 
F 

G 
H 


B 

A 
C 
D 

B 
B 
C 

P 
G 

D 

H 
B 
F 

G 
H 

A 
B 


A 
C 
D 

B 
B 
C 

P 
G 
D 

H 
B 
F 


300 


400 


500 

600 

700 
800 


100 


200 


300 


400 


soo 
600 

700 
800 


100 


200 


300 


400 


500 
600 


130 


173 


217 
260 

304 
347 


43 


86 


130 


173 


217 
260 

304 
347 


43 


86 
130 


173 


217 
260 


9.30 
9.30 
9.30 

9.30 
9.42 
9.4a 

9.60 
9.60 

1. 10 
x.io 
1. 10 

1. 10 
1. 10 
1. 10 

X.IO 

1.40 
1.40 

X.40 
1.40 
1.40 

x.40 
X.60 
X.60 

X.84 
X.84 

3.20 
3.20 
3.20 

3.20 
3.20 
3.20 

3.20 
3. so 
3. so 

3. SO 
3. so 
3. SO 

3-50 
3.78 
3.78 


8.X8 
8.14 
8.10 

8.04 
8.10 
8.00 

8.X0 
8.00 

xo.x6 
10.  r2 
10.  xo 

xo.zo 

X0.04 

9.98 

9.96 
X0.20 
10.  x6 

10.  X4 
10.06 
10.04 

xo.oo 
X0.12 
10.00 

X0.Z2 
10.00 

X2.22 

X2.X4 
X2.X2 

12.12 
12.06 
XI. 98 

X 1 .  96 

12.20 
12.14 

12.12 
12.04 
12.00 

11.96 
12.14 
12.00 


47.9 
49.6 
51.2 

S3-6 
S6.7 
60.6 

65.0 
69.0 

49.0 
51.0 
51.9 

51.9 
S4.9 
57.9 

S8.9 
63.6 

6S.S 

66.  S 
70.5 
71. 5 

73.5 
78.7 
84.6 

92.4 
98. 5 

6x.i 

65.9 
67.0 

67.0 
70.6 
75.3 

76.4 
81.9 
85. 5 

86.6 

91.5 
93.8 

96.2 
104.0 
112. o 


33.3 
34- 5 
35.5 

37.2 

39.4 
42.1 

45. 1 
48.0 

34.0 

35.4 
36.1 

36.1 
38.x 
40.2 

40.9 

44.1 
45. 5 

46.2 
49.0 
49.7 

Si.t 
54-6 
58.8 

64.x 
68.4 

42. 5 
45.7 
46.5 

46.5 
49.0 

53. 3 

530 
56.8 
59.4 

60.2 
63.6 
65.1 

66.8 
72.3 
77.9 


See  footnotes,  page  710. 
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Standard  Cast-iron  Pipe. — CotUinued 
(Based  on  Resistance  of  0.00144  ohm  per  Ib.-ft.) 


Classification 

• 

Actual 
dimensions 

Wfsight 
per  ft. 
exclu- 
sive of 
hub- 
lb. 

K-current 
for  one 

millivolt 

drop  per 

foot  of 

continuous 

pipe — 

amperes 

Nomi- 
nal 

diam- 
eter, 

inches 

•Asso- 
ciation 
stan- 
dard 

Class 

letter 

t 

Head, 
feet 

Pressure, 
lb.  ^er 
sq.  m. 

Out- 
side 

diam- 
eter, 

inches 

Inside 
diam- 
eter, 
inches 

12 
12 

14 
14 
14 

14 
14 
14 

14 
14 

14 

14 
14 
14 

14 

14 

14 
14 

16 

W 
W 

N 
N 
W 

N 
N 
W 

N 
W 

N 

N 
W 

N 

W 
W 

w 
w 

N 
N 
W 

G 

N 
N 

W 

N 
N 

W 

N 
W 

N 
W 
W 

w 
w 

N 
N 
W 

N 
N 
W 

G 
H 

A 
B 
A 

C 
D 
B 

E 
C 

F 

G 
D 
H 

E 
F 

G 
H 

A 
B 
A 

700 
800 

304 
347 

14.08 
14.08 

IS.  30 
IS.  30 
IS.  30 

IS.  30 
IS. 30 
15.30 

IS.6S 
IS.6S 
IS.6S 

IS.6S 
IS.  65 
IS.6S 

IS.  98 
IS. 98 

16.32 
16.32 

17.40 
17.40 
17.40 

17.40 
17.40 
17.40 

17.40 
17.80 
17.80 

17.80 
17.80 
17.80 

17.80 
18.16 
18.16 

18. 54 
18.54 

19.25 
19.25 
19.50 

19.50 
19.50 
19.50 

12.14 
12.00 

14.24 
14.16 
14.16 

14.08 
13.98 
13.98 

14.2s 
14.17 
14.  IS 

14.07 
14.01 

13.99 

14.18 
14.00 

14.18 
14.00 

16.30 
16.20 
16.20 

16.16 
16.10 
16.00 

16.00 
16.30 
16.20 

16.20 
16.10 
16.02 

16.00 
16.20 
16.00 

16.18 
16.00 

18.11 

17.99 
18.22 

18.12 
18.00 
iS.oo 

125. 
133- 

76.8 

82.3 
82.3 

87.9 
94.8 
94.8 

103. 
108. 
109. 

115. 
119. 
121. 

133. 
14s. 

160. 
172. 

90.9 
98.9 
98.9 

102. 
107. 

IIS. 

IIS. 
125. 

133. 
133. 

J4I. 
147. 

149. 
165. 
181. 

201. 
215. 

104. 
115. 
118. 

127. 
138. 
138. 

86.7 
92.4 

53-4 

57.1 

100 

43 

57-1 
61.0 

65.8 

200 

86 

65.8 
71.4 

.  300 

130 

75. 0 
76.2 

80.0 

400 

173 

82.8 
83.9 

500 
600 

700 
800 

217 
260 

304 
347 

92.4 

lOI. 

111. 
120. 

63.1 

16 

68.6 

16 
16 

100 

43 

68.6 
70.7 

16 

C 
D 

B 
E 
F 

C 
G 
D 

H 
E 
F 

G 
H 

A 
B 
A 

C 
D 
B 

74.1 

16 

79.6 

16 
16 

200 

86 

79.6 
87.1 

16 

92.6 

16 
16 

300 

130 

92.6 
98.2 

16 
16 

400 

173 

ioa.3 
103.5 

16 
16 

16 
16 

18 

SOO 

600 

700 
800 

217 
260 

304 
347 

114. S 
125. S 

139.  S 

149.0 
72.5 

x8 

79.8 

18 
18 

100 

43 

82.2 
88.5 

18 

95. 8* 

18 

200 

86 

95-8 

See  footnotes,  page  710. 
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Standard  Cast-iron  Pipe. — Continued 
(Based  on  Resistance  of  0.00144  ohm  per  Ib.-ft.) 


Classification 


Nomi- 
nal 
diam- 
eter, 
inches 


*Asso- 
ciation 
stan- 
dard 


Class 
letter 
t 


Head, 
feet 


Pressure, 
lb.  per 
sq.  m. 


Actual 
dimensions 


Out- 
side 

diam- 
eter, 

inches 


Inside 
diam- 
eter, 
inches 


Weight 
per  ft. 
exclu- 
sive of 
hub- 
lb. 


K-current 
for  one 
millivolt 
drop  per 
foot  of . 
continuous 
pipe- 
amperes 


z8 
18 
18 

18 
x8 
18 

18 
18 

20 
20 
20 

20 
20 
20 

20 
20 
20 

20 
20 
20 

20 
20 
20 

24 
24 
24 

24 
24 
24 

24 
24 
24 

24 
^4 

24 

24 

30 
30 
30 


N 
N 
W 

W 

w 
w 

w 
w 

N 
N 

w 

G 

N 
N 

W 

N 
N 

W 
W 

w 

w 
w 

N 
N 
G 

W 

N 
N 

W 

N 
N 

W 
W 

w 
w 

N 
N 
G 


B 
P 
C 

D 
B 
P 

G 
H 

A 
B 
A 


C 
D 

B 
B 
P 

C 
D 

B 

P 
G 
H 

A 
B 


A 
C 
D 

B 

B 
P 

C 
D 

B 
P 

A 
B 


300 

400 
500 
600 

700 
800 


100 


200 


300 
400 
500 

600 
700 
800 


100 


200 


300 
400 

500 
600 


130 

173 
217 
260 

304 

347 


43 


86 


130 

173 
217 

260 
304 
347 


43 


86 


130 
173 

217 
260 


19.70 
19.70 
19.92 

19.92 
20.34 
20.34 

20.78 
20.78 

21.30 

2t.30 

21.60 

21.60 
21.60 
21.60 

21.60 
21.90 
21.90 

22.06 
22.06 

22.54 
22.54 

23.02 
23.02 

25.40 
25.40 
25.80 

25.80 
25.80 
25.80 

25.80 
26.10 
26.10 

26.32 
26.32 

26.90 
26.90 

31.60 
31.60 
31. 74 


18.10 
17.98 
18.18 

148. 

159. 
162. 

18.00 
18.20 
18.00 

178. 
202. 
220. 

18.22 
18.00 

24s. 
264. 

20/10 
19.98 
20.26 

122. 
134. 
137. 

20.  2A 
20.16 
20.02 

140. 

147. 
lOI. 

20.00 
20.20 
20.06 

163. 

175. 
189. 

20.22 
20.00 
20.24 

191. 
212. 

241. 

20.00 
20.24 
20.00 

265. 
295. 
319. 

24.12 
23.96 
24.28 

156. 

174. 
187. 

24.28 
24.20 
24.04 

187. 
196. 
215. 

24.02 
24.20 
24.04 

217. 
234. 
253. 

24.24 
24.00 

258. 
286. 

24.28 
24.00 

328. 
362. 

30.18 
29.98 
30.04 

215. 
24s. 
257. 

103. 
no. 4 
113. 

123.8 

140.  S 
152.6 

170. 
183.3 

84.6 

93 

95.4 

970 
102.5 
112. 

113. 
122. 

131. 

132. 

148. 
107. 

184. 
205. 
221. 

108. 
X2I. 
13*0. 

130. 
136. 
149. 

151. 
163. 
176. 

179. 
198. 

228. 
251. 

149. 
170. 
179. 


See  footnotes,  page  710. 
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Standard  Cast-iron  Pipe. — Continued 
(Based  on  Resistance  of  0.00144  ohm  per  Ib.-ft.) 


Classification 


Nomi- 
nal 

diam- 
eter, 

inches 


*A880- 

ciation 
stan- 
dard 


30 
30 
30 

30 
30 
30 

30 
30 

30 
30 

36 
36 
36 

36 
36 
36 

36 
36 
36 

36 
36 

36 
36 

4a 
42 

42 

42 

42 

42 

42 

42 
42 

42 
42 

48 
48 
48 

48 
48 
48 


W 

N 
N 

W 

N 
N 

W 
W 

w 
w 

N 
N 
G 

W 

N 
N 

W 

N 
W 

N 
W 

W 

w 

N 
N 
G 

W 

N 
N 

W 

N 
N 

W 

w 

N 
N 
N 

G 
W 
N 


Class 

letter 

t 


A 
C 
D 

B 

B 
F 

C 
D 

B 
F 

A 
B 


A 
C 
D 

B 

B 
C 

F 
D 

B 
F 

A 
B 


A 
C 
D 

B 
B 
F 

C 
D 

A 
B 
C 


A 
D 


Head, 

feet 


Pressure, 
lb.  i^r 
sq.  in. 


Actual 
dimensions 


Out- 
side 

diam- 
eter, 

inches 


Inside 
diam- 
eter, 
inches 


Weight 
per  ft. 
exclu- 
sive of 
hub — 
lb. 


K-current 
for  one 
millivolt 

drop  per 

foot  of 

continuona 

pipe — 

amperes 


100 


200 


300 
400 

500 
600 


100 


200 


300 


400 

$00 

600 


100 


200 


300 
400 


100 


43 


86 


130 

173 

217 
260 


43 


86 


130 


173 

217 
260 


43 


86 


130 
173 


43 


31.74 
32.00 
32.00 

32.00 
32.40 
32.40 

32.40 
32.74 

33.10 
33.46 

37.80 
37.80 
37.96 

37.96 
38.30 
38.30 

38.30 
38.70 
38.70 

38.70 
39.16 

39.60 
40.04 

44.00 
44.00 
44.20 

44.20 
44-50 
44.50 

44.50 
45.10 
45.10 

45.10 
45.58 

50.20 
50.20 
50.80 

50.50 
50.50 
50.80 


29.98 
30.18 
29.98 

29.94 
30.20 

30.00 

30.00 
30.00 

30.00 
30.00 

36.22 
36.00 
36.06 

35.98 
36.26 
36.04 

36.00 
36.20 
35.98 

35.96 
36.00 

36.00 
36.00 

42.26 
42.00 
42.06 

42.00 
42.24 
41.96 

41.94 
42.30 

42.04 

42.02 
42.02 

48.30 
48.00 
48.30 

47.98 
47.98 
48.00 


266. 
277. 
306. 

312. 
337. 
367. 

367. 
422. 

479. 
537. 

287. 
326. 
345. 

358. 

373. 
412. 

4X8. 
459. 
497. 

502. 
581. 

666. 
753. 

368. 
422. 
452. 

465. 
480. 
538. 

542. 
600. 

654. 

657. 
763. 

459. 
529. 
608. 

608. 
608. 
678. 


185. 
192. 
213. 

217. 

234. 
255. 

292. 

333. 
373. 

199. 

226. 

239. 

248. 

259. 
286. 

290. 
319. 
346. 

349. 
404. 

463. 
523. 

256. 
293. 
314. 

323. 
333. 
374. 

376. 
4x6. 
454. 

456. 
530. 

3x9. 
367. 

422. 

422. 
422. 

471. 


See  footnotes,  page  710. 
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Standard  Cast-i&on  Pipe. — Continued 
(Based  on  Resistance  of  0.00144  ohm  per  Ib.-ft.) 


Nomi- 
nal 
diam- 
eter, 
inches 


48 
48 
48 

48 
48 

54 
54 
54 

54 
54 
54 

54 
54 

54 
54 

60 
60 
60 

60 
60 
60 

60 
60 

60 
60 

7a 
73 
73 

84 
84 


Classification 


•Asso- 
ciation 
stan- 
dard 


Class 

letter 

t 


Head, 
feet 


Pressure, 
lb.  per 
sq.  m. 


W 

N 
N 

W 

w 

N 
N 
W 

N 
N 
W 

N 
N 

W 

w 

N 

N 
W 

N 
W 

N 

N 
W 

N 
W 

W 

w 
w 

w 
w 


Actual 
dimensions 


Out- 
side 

diam- 
eter, 

inches 


Inside 
diam- 
eter, 
inches 


Weiffht 

per  ft. 

exclu- 
sive 
of 

hub- 
lb. 


K-current 

for  one 

millivolt 

drop  per 

foot  of 

continuous 

pipe — 

amperes 


B 
B 
F 

C 
D 

A 
B 
A 

C 
D 
B 

E 
P 

C 
D 

A 
B 
A 

C 
B 
D 

E 
C 

P 
D 

A 
B 
C 

A 
B 


400 
100 

300 
300 

100 
200 


300 

86 

300 
400 

130 

173 

100 

43 

300 

86 

300 
400 

130 

173 

100 

43 

300 

86 

300 

130 

173 

86 
130 

43 
86 


50.80 
51.40 
51.40 

51. 40 
SI. 98 

56.40 
56.40 
56.66 

57.10 
57.10 
57.10 

57.80 
57.80 

57.80 
58.40 

62.60 
63. 60 
62.80 

63.40 
63.40 
63.40 

64.30 
64.30 

64.30 
64.83 

75.34 
76.00 

76.88 

87  54 
88.54 


47.96 
48.30 
48.00 

47.98 
48.06 

54. 34 
54.00 

53.96 

54.36 
54-03 
54.00 

54.36 
54.00 

54. 00 
53.94 

60.40 
60.00 
60.02 

60.40 
60.06 
60.00 

60.40 
60.30 

60.00 
60.06 

73.08 
72.10 
73.10 

84.10 
84.10 


686. 

757. 
838. 

833. 
961. 

559. 
650. 

731. 

750. 
840. 

845. 

946. 
1041. 

1041. 
1330. 

664. 
783. 
836. 

910. 

lOIO. 
1038. 

1 160. 

1330. 

1380. 
1455. 

II78. 
1415. 
1745. 

1445. 
1878. 


477. 
536. 

575. 

578. 
667. 

388. 
453. 
508. 

531. 

583. 
586. 

657. 
733. 

733. 
854. 

460. 
543. 

S8x. 

633. 
701. 

714. 

806. 
848. 

889. 
1010. 

8x9. 
98  J. 

I3I3. 

1005. 
1304. 


See  footnotes,  page  710. 


716 


ELECTRIC  RAILWAY  HANDBOOK 


Standard  Steel  (or  Wrought-iron)  Pipe 

(Based  on  resistance  of  steel — 0.00021  ohm  per  Ib.-ft.    Based  on 
resistance  of  wrought  iron — o  .000181  ohm  per  Ib.-ft.) 


Nominal 

diametei>- 

inches 


•Classi- 
fication 


Actual  dimensions 


Outside 

diameter — 

inches 


^  Inside 
diameter — 
inches 


Weight  per 

foot.    Plain 

end*— 

steel — lb. 


K-current  for 

one  millivolt 

drop  per  foot  of 

^  continuous 
pipe — amperes 


Steel 


Wrought 
iron 


I. 
I. 
I, 


2, 
•   a. 

2. 


aH. 


3 
3 
3 


3V4. 
3^4. 
3^i- 


4< 
4- 
4- 


S 
X 

s 

X 

s 

X 

s 

X 
XX 

s 

X 
XX 

s 

X 

XX 

s 

X 
XX 

s 

X 
XX 

s 

X 

XX 

s 

X 
XX 

s 

X 
XX 

s 

X 

XX 

s 

X 
XX 


0.405 
0.405 

0.540 
0.540 

0.675 
0.675 

0.840 
0.840 
0.840 

X.050 
X.050 
1.050 

1. 315 
1. 315 
I.3IS 

1.660 
1.660 
1.660 

1.900 
1.900 
1.900 

a.  375 
a.  375 
a. 375 

a.  875 
2.875 
a.  875 

3.500 
3.S00 
3.500 

4.000 
4.000 
4.000 

4S00 
4.500 
4.500 


o.a69 
o.ai5 

0.364 
0.30a 

0.493 
0.4a3 

o.6aa 
0.546 
0.35a 

o.8a4 
0.74a 
0.434 

1.049 
0.957 
0.599 

1.380 
1.278 
0.896 

X.610 
1.500 
1. 100 

a.  067 
1.939 
1.503 

3.469 
a. 323 
1. 771 

3.068 
3.900 
3.300 

3.548 
3.364 
3.728 

4.026 
3.826 
3.isa 


0.244 
0.314 

0.424 
0.535 

0.567 
0.738 

0.850 

1.09 

1.71 

1. 13 
1.47 
a. 44 

1.68 
a. 17 
3.66 

a. 27 
3.00 
5.21 

2.72 

3.63 
6.41 

3.65 
5.02 

9.03 

S.79 
7.66 

13.69 

7. 57 
10.2 
x8.6 

9. XX 
X2.5 

22.8 

10.8 
15.0 
37.5 


X.16 
X.50 

it. 02 
3.55 

3.70 
3.51 

4.05 
5.18 
8.x6 

S.38 
7.03 
XX. 6 

7.99 
10.3 

X7.4 

X0.8 

14.3 
34.8 

X3.9 

X7.3 
30.5 

17.4 
33.9 
43.0 

37.6 

36. 5 
65.3 

36.0 
48.8 
88.5 

43.4 
59.0 

X09. 

5X.4 

71.3 
X3X. 


1.33 
X.70 

3.30 
3.90 

3.07 
4.00 

4.60 


5. 

9- 

6. 

7 


88 
28 

.XX 

98 
X3.3 

9.09 
XX. 8 
X9.8 

X3.3 

x6.a 
38.3 

X9.6 
34-7 

19. 8 
37.2 
48.8 

3X.4 
41.5 
74.  a 


41 
55 

XOI 


.0 

.6 


t 


9.3 

7.8 


134. 

S8. 

8x. 

149 . 


•S 

X 

XX 


Standard  pipe. 
Bxtra  strong  pipe. 
Double  extra  strong  pipe. 
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Standard  Steel  (or  Wrought-iron)   Pipe. — Concluded 

(Based  on  resistance  of  steel — 0.00021  ohm  per  Ib.-ft.    Based  on 
resistance  of  wrought  iron — o  .0001 81  ohm  per  lb  .-ft.) 


Nominal 

diameter — 

inches 


•Classi- 
fication 

Actual  dimensions 

Weight  per 
foot.    Plain 

ends — 
steel — lb. 

K-current  for 

one  millivolt 

drop  per  foot  of 

continuous 
pipe — amperes 

Outside 

diameter — 

inches 

Inside 

diameter — 

inches 

Steel 

Wrotight 
iron 

S 

X 

XX 

S  •  000 
5.000 
5.000 

4.506 
4.290 
3.580 

12. 5 
17.6 
32.5 

59.8 
83.9 
155. 

67.9 

95.3 
176. 

s 

X 
XX 

S.563 
S.S63 
5.563 

5.047 
4.813 
4.063 

14.6 
20.8 
38. 5 

69.7 
98.9 
183. 

79.2 
112. 
209. 

s 

X 
XX 

s 

X 
XX 

6.625 
6.625 
6.625 
7.625 
7.625 
7.625 

6.06s 
5.761 
4.897 
7.023 
6.625 

5.875 

19.0 
28.6 
53.2 

23.5 
38.0 
63.1 

90.3 
136. 

253. 
112. 
181. 
300. 

103. 
155. 
388. 

127. 
206. 
342. 

s 
s 

8.625 
8.625 

8.071 
7.981 

24.7 
28.5 

118. 
136. 

I34> 
155. 

X 
XX 

8.625 
8.62s 

7.625 
6.875 

43.4 
72.4 

306. 
345- 

335. 
392. 

s 

X 

9.625 
9.625 

8.941 
8.62s 

33.9 
48.7 

161. 
232. 

184. 
364. 

s 
s 

10.750 
10.750 

10.192 
10.136 

31.2 
34.2 

149. 
163. 

169. 
185. 

s 

X 

10.750 
10.750 

10. 020 
9. 750 

40.5 

54.7 

192. 
261. 

319. 
297. 

s 

X 

11.750 
II. 750 

11.000 
10.750 

45.6 
60.1 

217. 
286. 

247. 
336. 

s 
s 

X 

12.750 
12.750 
12.750 

12.090 
12.000 
11.750 

43.8 
49.6 
65.4 

208. 
236. 
311. 

237. 
369. 
354- 

s 

X 

14.000 
14.000 

13.250 
13 . 000 

54.6 
72.1 

260. 
343. 

396. 
391. 

s 

X 

15.000 
15.000 

14.250 
14.000 

58.6 
77.4 

279. 
369. 

317. 
420. 

s 

X 

16.000 
16. coo 

15.250 
15.000 

62.6 
82.8 

298. 
394- 

339. 
449. 

4H 

4H 

5.. 
5.. 
5.- 

6.. 
6.. 
6.. 
7.. 
7.. 
7.. 

8.. 
8.. 

8.. 
8.. 

9.. 
p.. 

10. 
10. 

xo. 
10. 

II. 

IX. 

13. 
13. 
13. 

13. 
13. 


*  S  ■■  Standard  pipe. 
X  «  Extra  strong  pipe. 
XX  i*  Double  extra  strong  pipe. 
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which  an  unknown  current  /  is  flowing  as  shown;  at  first  let  it  be 
supposed  that  this  current  is  steady,  and  of  course  a  direct  current 
Let  Z>  be  a  sensitive  galvanometer,  milli- voltmeter  or  any  other  form 
of  detector  of  small  differences  of  potential,  connected  as  shown; 
there  should  preferably  be  no  variable  resistance  like  an  unbonded 
pipe  joint  between  the  two  contact  points.  Let  A  be  an  ammeter, 
B  2L  few  cells  of  storage  battery  and  R  an  adjustable  resistance;  the 
shunt  circuit  containing  them  is  connected  as  shown  any^vhere 
outside  of  the  points  of  application  of  the  voltage  detector,  the 
farther  away  the  better — they  may  even  be  on  the  other  side  of  a 
joint.  To  find  the  current  flowing  in  the  pipe  adjust  the  resistance 
R  until  D  reads  zero;  then  there  will  no  longer  be  any  current  flow- 
ing in  the  shunted  part  of  the  pipe,  hence  the  reading  of  the  am- 
meter will  give  the  current  /  in  the  pipe.  The  current  may  be 
said  to  have  been  sucked  out  of  the  pipe  by  the  battery,  and  made 
to  flow  through  the  ammeter,  where  it  can  be  measured;  as  far  as 
the  current  in  that  short  section  is  concerned,  the  pipe  circuit  has 
in  effect  been  dectrically  cut  in  two  as  though  an  insulating  joint 
had  been  introduced.  If  J9  is  a  galvanometer  with  proportionate 
deflections,  instead  of  a  mere  detector,  then  by  taking  a  deflection 
immediately  after  the  shunt  circuit  has  been  opened  a  reading 
proportionate  to  the  drop  of  voltage  for  that  current  will  be  ob- 
tained. The  Instrument  D  is  thereby  calibrated  to  read  the  pipe 
currents  directly  and  can  be  used  for  this  purpose  thereafter;  the 
test  with  the  battery  current  is  therefore  merely  of  the  nature  of  a 
preliminary  calibration  and  need  be  carried  out  only  once  for  each 
station.  If  in  addition  this  voltage  instrument  is  calibrated  to  read 
directly  in  volts  (usually  in  terms  of  milli-  or  microvolts  as  for  in- 
stance a  milli-voltmeter)  then  if  the  deflection  reduced  to  milli- 
volts is  divided  by  the  current  it  will  give  the  resistance  of  the 
pipe  in  milliohms  between  the  two  points  of  application  of  the 
voltmeter,  hence  it  enables  the  true  resistance  of  the  pipe  to  be 
measured. 

In  this  method  shown  in  Fig.  68  there  should  be  no  current  leav- 
ing or  entering  the  pipe  between  the  points  of  application  of  the 
shunt,  hence  the  hole  should  be  free  from  water  and  there  should 
be  no  moist  earth  in  contact  with  that  part  of  the  pipe.  It  is  as- 
sumed in  this  method  that  the  short  length  of  pipe  between  the 
shunt  contacts  is  too  small  a  fraction  of  the  whole  circuit  of  the  pipe 
line  currents  to  alter  these  currents  when  that  section  is  practically 
cut  out  of  circuit,  as  it  is  when  the  current  flows  through  the  shunt. 
This  assumption  is  probably  absolutely  safe  in  aU  cases  in  practice. 
As  this  method  is  not  in  any  way  concerned  with  the  nature  of  the 
circuit  beyond  the  single  pipe  length  under  test,  nor  with  the  rest 
of  the  path  of  the  current,  it  can  be  applied  to  the  most  complex 
network  of  pipes,  even  when  the  pipes  are  interconnected  else- 
where or  bonded  to  the  track,  in  measuring,  the  pipe  resist- 
ance by  this  method,  or  in  general  when  the  v(Jtage  drop  is  meas- 
ured, it  is  of  course  assumed  that  the  current  is  constant  while  the 
two  successive  readings  are  taken,  hence  it  is  recommended  to 
repeat  the  two  readings  a  number  of  times. 
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The  above  applies  to  steady  currents  or  to  such  as  are  steady  lohg 
enough  (a  few  seconds)  to  take  two  successive  readings,  as  the  volt- 
age drop  and  the  current  cannot  be  measured  simultaneously  in  the 
form  shown  in  Fig.  68.  In  practice  such  stray  currents  are  likely 
to  vary  continuously  and  often  very  rapidly.  By  waiting  for  a 
suitable  opportunity  when  the  current  is  practically  constant  for  a 
short  time,  measurements  of  sufficient  accuracy  can  often  be  made, 
and  as  this  part  of  the  test  is  only  for  the  calibration,  hence  of  a 
preliminary  nature  and  needing  to  be  made  only  once  for  each 
station,  one  is  justified  in  taking  more  time  for  it.  When, 
however,  the  fluctuations  are  too  rapid,  the  following  modification 
can  be  used;  it  proves  to  be  very  satisfactory  in  practice,  although 
somewhat  more  cumbersome  and  requiring  additional  apparatus, 
though  no  more  obseraus. 

Let  the  left  hand  «Hb  6f  Fig.  69  represent  the  same  arrange- 
ment as  in  Fig.  68.  A  seijpd  voltage  detector  D  is  then  added  as 
shown;  it  may  be  a  sensitiiRe  galvanometer  and  need  not  be  cali- 
brated. 5  is  a  second  shunt  circuit  containing  a  battery  and  an 
adjustable  resistance  which  is  operated  by  the  observer  of  P,  who 
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Fig.  69. — Determination  of  current  flow  in  pi^^es* 

keeps  adjusting  it  continuously  so  as  to  maintain  the  deflection 
in  D  constant.  During  that  time  the  current  will  be  steady  for  the 
other  observer,  who  then  completes  a  set  of  readings  with  the  other 
instrument  V  according  to  the  method  shown  in  Fig.  68.  The 
purpose  of  the  additional  shunt  S  is  to  take  up  all  the  excess  of  the 
pipe  current  above  a  certain  amount,  thus  acting  as  a  sort  of  over- 
flow, taking  care  of  the  peaks  only.  The  observer  of  D  must,  there- 
fore, use  some  judgment  in  selecting  the  deflection  at  which  the 
current  is  to  be  held  constant;  it  should  be  kept  at  about  the  base 
of  the  average  peaks,  but  should  not  be  too  low  for  the  other  ob- 
server to  get  good  readings  for  his  caUbration.  It  may  be  a  dif- 
ferent deflection  for  each  set  of  readings  of  the  other  observer; 
the  only  important  point  is  that  the  current  should  be  held  constant 
in  that  length  of  pipe  for  a  long  enough  time  to  take  two  successive 
readings,  requiring  only  a  few  seconds. 

Or,  if  practicable,  the  observer  of  D  could  shunt  off  the  whole 
pipe  current,  thus  making  D  read  zero,  and  leaving  the  pipe  en- 
tirely free  from  current  for  the  other  observer  to  make  his  calibra- 
tion or  any  other  test  for  wMch  it  is  required  to  have  the  pipe  free 
from  current.  The  adjustable  resistance  for  this  extra  shunt  S 
should  be  made  of  a  pile  of  carbon  plates  which  are  compressed  by 
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means  of  a  lever  so  that  the  observer  of  D  may  quickly  follow 
the  variations  of  the  current  with  it.  Very  good  results  can  be 
obtained  with  such  an  arrangement  after  a  little  practice.  As 
the  observer  of  D  knows  whether  or  not  the  current  has  been  success- 
fully kept  constant  he  can  discard  the  readings  of  the  other  ob- 
server for  which  the  current  has  not  been  constant.  By  taking  the 
mean  of  a  number  of  good  readings,  very  satisfactory  results  can 
be  obtained. 

Mr.  C.  W.  Kinney,  Electric  Journal,  1909,  describes  an  ap- 
proximate method  of  determining  the  amount  of  current  flow  in 
a  pipe,  the  resistance  of  which  was  not  known.  The  determina- 
tion was  made  as  follows:  The  water  pipe  was  exposed  for  about 
6  ft.  of  its  length.  Three  places  on  the  pipe,  2M  ft.  apart, 
were  filed  bright  and  the  drop  in  voltaj^as  indicated  by  the 
voltmeter,  between  the  first  and  secdi^Boints  and  then  be- 
tween the  second  and  third  points,  was  ||||ea^  After  these  readings 
had  been  taken,  an  ammeter  reading  wa*  taken  between  the  radl  and 
the  middle  point  on  the  water  pipe.  While  the  aouneter  was  stiU 
connected,  voltmeter  readings  were  taken  as  before.  The  voltage 
drop  between  points  i  and  2  showed  less  than  one-half  of  i  per 
cent,  of  the  original  value.  Thus,  the  voltage  drop  between  points 
2  and  3  coiild  be  assumed  to  be  due  entirely  to  the  current  flowing 
through  the  ammeter.  .The  normal  flow  of  current  in  the  pipe  was 
then  calculated  by  a  simple  proportion;  that  is,  the  current  flow 
during  the  first  test  bore  the  same  relation  to  the  ammeter  reading 
that  the  voltmeter  deflection  between  points  2  and  3  during  the  first 
test  bore  to  the  deflection  of  the  voltmeter  needle  when  the  ammeter 
was  connected,  since  the  voltmeter  was  of  uniform  scale  type.  It 
was,  therefore,  not  necessary  to  determine  the  actual  value  of  the 
divisions  on  the  voltmeter  scale  in  order  to  find  the  amount  of 
current  flowing  in  the  pipe. 

Resistance  of  and  Current  in  Lead  and  Lead  Alloy  Pipes  and 
Sheafhs.  The  resistance  of  ''lead"  pipe  and  ''lead"  cable  sheath 
will  depend  upon  the  alloy  that  is  used  m  its  construction.  Practi> 
cal  results  indicate  that  the  resistance  of  pure  lead  is  about  480 
microhms  (0.00043  ohms)  per  pound-foot,  and  the  resistance  of 
"lead"  cable  sheathing  containing  3  per  cent,  tin  is  about  530 
microhms  (0.00053  ohms)  per  pound-foot.  The  curve  sheet, 
Fig.  70  is  arranged  for  the  rapid  approximation  of  resistance  and 
cturent  per  millivolt  drop  per  foot  for  lead  and  lead-tin  alloy  pipes. 
The  following  example  will  illustrate  the  method  of  using  diese 
curves: 

What  is  the  resistance  per  foot  of  sheath  and  the  current  per 
millivolt  drop  per  foot  along  a  cable  sheath  of  a  lead-tin  alloy 
containing  3  per  cent,  of  tin,  the  resistance  of  the  sheath  bdng 
0.00053  ohms  per  pound-foot  ?  The  outside  diameter  of  the  sheath 
is  2.28  in.  and  the  thickness  of  the  wall  is  Hs  in. 

Starting  at  the  "  2.28  "  point  on  the  "  Outside  Diameter — Inches" 
scale  (Fig,  70),  follow  the  vertical  to  intersection  with  the  oblique 
0.156  (*  decimal  equivalent  of  ^)  "Thickness—Inches"  line. 
From  this  point  follow  the  horizontal  to  the  intersection  with  the 
"Weight  per  foot— Lead— 3  per  cent.  Tin-pound"  scale  at  the 
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5.07  lb.  point.  Now  starting  with  the  5.07  lb.  point  on  the  "  Weighf 
per  foot,  pure  lead,  pounds,"  follow  the  horizontal  to  the  left  to 
the  intersection  with  the  0.00053  "ohms  per  pound-foot"  oblique. 
From  this  point  drop  a  perpendicular.  The  intersections  of  this 
perpendicular  with  the  horizontal  scale  indicate  that  the  resistance 
of  the  sheath  is  about  104  microhms  per  foot  and  the  current  is 
about  9.6  amperes  per  millivolt  drop  per  foot  along  the  sheath. 
Note:  If  the  cable  sheath  or  pipe  is  of  pure  lead,  the  horizontal 
should  be  carried  straight  through,  instead  of  making  the  correc- 
tion on  the  vertical  scale.  Such  a  case  is  shown  by  the  arrows 
starting  at  0.5  in.  outside  diameter,  Fig.  70. 

Determination  of  Amount  and  DistributiQii  of  Cuirent  Leaving 
Underground  Metallic  Conductors.  The  generally  accepted  method 
consists  in  determining  the  amount  of  current  flow  (by  one  of  the 
methods  outlined  above)  in  two  locations  on  the  same  line  of 
underground  pipe.  The  difference  in  the  amount  of  current  on 
the  pipe  between  these  two  locations  will  then  be  the  amount 
of  current  leaving  (or  entering)  the  pipe  between  the  two  loca- 
tions. 

Determination  of  Drop  of  Potential  on  Rails.  As  the  difference 
of  potential  between  two  points  on  the  rails  of  an  electric  railway 
system  is  in  a  way  a  measure  of  the  tendency  to  cause  stray  earth 
currents,  and  as  many  municipal  and  other  public  requirements  are 
based  on  this  figure,  this  test  is  an  imp>ortant  one,  but  not  difficult 
to  make,  the  essential  matter  being  that  of  getting  a  potential 
wire  between  the  two  points  on  the  rail  and  then  measuring  the 
drop  with  an  ordinary  voltmeter.  Where  the  company  has  tele- 
phone or  signal  drcidts  which  may  be  temporarily  disconnected 
these  are  often  used  for  this  purpose.  In  some  cases  a  trolley  feeder 
is  used,  but  a  spare  feeder  it  not  often  available  during  the  time 
when  such  tests  are  to  be  made.  Often  it  is  possible  to  arrange  with 
the  local  telephone  company  for  its  cooperation  in  furnishing  spare 
wires  from  a  terminal  box  in  one  location  through  proper  connec- 
tions at  the  telephone  exchange  to  a  terminal  box  in  another 
location,  and  from  these  terminal  boxes  a  continuation  of  the  poten- 
tial wire  may  be  run  to  the  voltmeter  and  rail.  In  using  such  cir- 
cuits through  a  telephone  exchange,  it  is  Important  that  all  con- 
nections be  removed  on  the  terminal  board  which  might  serve  to 
impress  telephone  battery  current  on  the  particular  circuit  in  use. 
If  the  instrument  used  be  of  high  resistance  and  if  the  telephone 
or  signal  wires  used  as  potential  wires  be  of  copper,  it  is  rarely 
necessary  to  allow  for  the  resistance  of  the  latter  in  Correcting  the 
voltmeter  readings. 

Limiting  Rail  Drop  should  be  Average  rather  than  Maximum. 
In  many  municipal  or  other  public  requirements  a  limit  has  been 
placed  on  the  potential  drop  in  rails,  and  in  many  cases  this  limit 
has  been  expressed  in  terms  of  a  maximum  permissible  drop.  That 
this  is  unfair  and  that  the  limit  should  be  expressed  as  an  average 
drop  is  brought  out  by  Messrs.  McCoUum  and  Logan  in  their 
paper  on  electrolytic  corrosion  (Trans.  A.I.E.E.,  1913)  as  follows: 

*'  It  is  evident  that  if  the  total  amount  of  damage  which  results 
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is  proportional  to  the  average  current,  then  the  limitation  of  the 
average  voltage  is  mord  logical  than  the  limitation  of  the  peak  load 
voltage,  since  in  the  former  case  the  cost  of  meeting  the  voltage 
limitation  in  any  given  case  is  proportionate  to  the  danger  involved 
irrespective  of  the  station  load  factor;  whereas  if  the  voltage  at  peak 
load  is  the  determining  factor,  the  cost  of  complying  with  the 
requirement  depends  not  only  on  the  danger  involved,  but  on  the 
load  factor  of  the  system,  and  the  poorer  the  load  factor,  the 
greater  its  cost  will  be.  The  rate  of  damage  does  not  increase  as 
fast  as  the  voltage  increases,  because  of  the  tendency  toward  lower 
corrosion  efficiencies  at  higher  current  densities.  This  indicates 
that,  with  a  given  average  all-day  current,  the  actual  amount  of 
electrolysis  that  would  occur  would  be  less  with  a  bad  load  factor 
than  with  a  good  load  factor,  and  hence  points  to  the  undesirability 
of  penalizing  a  high  peak  of  short  duration.  It  would  appear  very 
much  more  logical,  Uierefore,  in  so  far  as  the  damage  itself  is  con- 
cerned, to  make  the  average  all-day  voltage  the  basis  of  the  limi- 
tation rather  than  the  voltage  at  time  of  peak  load." 

Methods  of  Reducing  Earth  Potentials  and  Currents  thus  Miti- 
gating Electrolytic  Corrosion 

The  methods  which  have  been  most  often  used  with  success  in 
this  country  to  reduce  earth  potentials  and  currents  have  been 
three;  the  insidated  negative  return  feeder  system,  the  insulating 
joint  system,  and  the  drainage  system. 

insulated  Negative  Return  Feeder  System.  In  this  system  the 
tracks  are  drained  of  current  at  radially  disposed  points  about 
the  power  station  by  insulated  negative  return  feeder  cables.  The 
negative  bus  bar  is  not  connected  to  the  tracks  nor  to  ground  in 
the  vidnity  of  the  power  station.  Pressures  as  nearly  equal  as 
are  required  may  be  maintained  at  the  track  end  of  the  return 
feeders  by  the  use  of  rheostats  on  short  feeders  and  boosters  on  long 
ones,  or  by  greatly  increasing  the  amount  of  copper  in  long  feeders 
without  the  use  of  boosters  or  rheostats.  The  cost  of  the  system 
increases  very  rapidly  as  the  permissible  maximum  variation  be- 
tween the  various  portions  of  the  track  decreases.  In  a  few  Ameri- 
can cities  insulated  negative  return  feeders  have  been  installed  in  a 
portion  of  the  city  so  as  to  secure  an  equipotential  condition  of  the 
track  in  an  area  where  the  amount  of  underground  cables  or 
pipes  subject  to  damage  is  the  greatest.  This  method  is  feasible 
and  most  often  used  where  the  railway  company's  power  station 
or  substation  is  located  very  close  to  the  center  of  distribution  of  a 
system  composed  of  several  or  many  lines  radially  disposed  about 
the  center  of  distribution.    (See  page  746.) 

The  insulating  joint  sjrstem  requires  that  cable  sheaths  or  piping 
systems  should  have  insulating  joints  at  frequent  intervals.  If  the 
insulating  joints  be  sufficiently  numerous,  this  system  may  give 
good  results,  but  there  is  some  difficulty  in  applying  them  to  an 
extensive  system  of  underground  cables,  especially  where  the 
number  of  manholes  is  large  and  manholes  crowded.    Unless  the 
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number  of  insulating  joints  is  sufficiently  large  to  break  up  the  poten- 
tial around  such  joints  to  a  very  low  value  aroimd  each,  there  is 
also  danger  of  current  leaving  the  pipe  or  cable  sheath  on  one 
side  of  the  insulating  joint  and  entering  it  on  the  other  to  such  an 
extent  that  more  or  les$  serious  corrosion  is  caused  on  the  positive 
side  of  the  joint.  If  every  joint  in  the  piping  system  were  an  in- 
sulating joint,  this  method  would  probably  be  an  ideal  one,  as  it 
would  so  increase  the  total  resistance  of  the  pipe  line  that  the 
current  flowing  along  it  would  be  practically  nil.  This  is  illu- 
strated in  the  case  of  some  cast-iron  gas  mains  where  cement  joints 
of  high  resistance  are  used  and  on  which  mains  practically  no 
current  can  be  found. 

Pipe  Drainage  System.    In  this  system  the  pipe  or  cable  sheaths 
in  the  positive  district  are  connected  to  the  negative  side  of  the 
railway  return  circuits  through  low  resistance  cables.    This  system, 
as  its  name  implies,  drains  the  stray  currents  from  the  pipes  or 
cable  sheaths  through  metallic  conductors  so  that  practically  no  cur- 
rent leaves  the  pipe  by  way  of  the  earth  path.    The  drainage  cables 
should  preferably  be  connected  directly  to  the  negative  bus  bar 
at  the  power  station  or  substation,  and  should  be  of  very  low 
resistance.    In  many  cases  a  meter  is  installed  in  the  connection 
to  the  negative  bus,  and  in  cases  where  the  station  shuts  down  for 
a  portion  of  the  day  there  should  be  a  switch  in  the  bus  connections 
and  the  circuit  should  be  opened  when  the  station  is  not  in  opera- 
tion.   If  the  drainage  system  is  properly  installed,  it  will  maintain 
the  piping  system  and  cable  sheaths  throughout  their  length  at  a 
potential  lower  than  that  of  the  rails.    An  objection  which  has  been 
raised  to  the  drainage  system  is  that  by  reducing  the  total  resistance 
to  the  flow  of  stray  currents  it  thereby  increases  their  volume  and 
thus  increases  the  damage  which  may  be  expected  from  "joint 
electrolysis,"  or  the  electrolytic  action  which  may  take  place  around 
a  high  resistance  pipe  joint  due  to  the  stray  currents  leaving  the 
pipe  on  the  positive  side  of  the  joint  and  returning  on  the  negative 
side.    Some  evidence  is  on  record  of  such  damage,  but  the  cases 
where  such  damage  has  occurred  are  extremely  rare  and  where  noted 
it  has  been  causeid  either  by  isolated  exceptionally  high  resistance 
joints  or  excessive  current  flow  on  the  piping  mains.    Many  cases 
are  on  record  where  a  current  density  of  5  to  10  amperes  per  pound- 
foot  or  more  has  been  carried  on  cast-iron  water  mains  for  years 
with  no  evidence  of  joint  electrolysis.    The  drainage  S3rstem  has 
been  used  by.  the  Bell  telephone  companies  throughout  the  country 
for  the  protection  of  their  cables  for  many  years.    In  some  cases 
city  authorities  have  compelled  the  installation  of  the  drainage 
system  and  in  many  cases  they  have  allowed  its  use  where  the 
water  system  is  owned  by  the  city.    The  drainage  system  is  very 
simple  and  much  cheaper  to  install  than  the  insulating  joint  method 
on  a  system  of  cables  or  pipes  which  are  already  in  place  in  the 
ground,  and  is  the  system  which  has  been  in  most  common  use  in 
American  cities  either  alone  or  in  connection  with  the  insulated  nega- 
tive return  feeder  system. 
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Electrolysis  from  Alternating  Current  Mr.  J.  L.  R.  Hayden 
(Trans.  A.I.E.E.,  1907)  draws  the  following  conclusions  relative 
to  alternating-current  electrolysis:  It  is  not  a  phenomenon  like 
direct-current  electrolysis,  on  which  definite  quantitative  general 
laws  can  be  formulated,  but  is  of  the  character  of  a  secondary 
effect;  that  is,  the  action  of  the  positive  half  wave  is  not  quite 
reversed  by  the  action  of  the  negative  half  wave,  leaving  a  small 
difference,  rarely  exceeding  one-half  of  i  per  cent,  of  the  dec- 
trolytic  action  01  an  equal  direct  current.  Alternating-current  elec- 
trolysis varies  from  practically  nothing  to  somewhat  less  than  i 
per  cent,  of  direct-current  electrolysis,  varying  with  the  chemical 
nature  of  the  electrolyte  and  being  practically  independent  of  the 
current  density.  He  states  that  protection  from  alternating-current 
electrolysis  may  be  absolutely  obtained  by  the  super-imposition  of  a 
very  small  quantity  of  direct  current  upon  the  alternating,  the 
amount  of  direct  current  being  only  1.5  per  cent,  of  the  alternating 
current. 

Transmission 

Voltage  Determination.  The  determination  of  the  proper 
voltage  for  the  transmission  of  energy  requires  a  cost  study  made 
up  of  two  parts,  namely,  the  cost  of  the  energy  lost  and  the  cost  of 
the  line,  the  transmitting  and  receiving  apparatus.  The  amount 
and  thus  the  cost  of  power  lost  in  a  given  transmission  line  in 
delivering  a  given  amount  of  power  at  the  receiver  end  of  that  line 
decreases  if  the  voltage  at  which  that  power  is  transmitted  be 
increased.  Such  an  increase  in  voltage  necessitates  an  increase  in 
the  cost  of  insulation,  apparatus  and  protective  devices.  Thus, 
under  a  given  set  of  market  conditions,  the  voltage  at  which  a 
given  amount  of  power  will  be  delivered  to  a  distant  point  at  the 
least  cost  is  limited  to  that  value  at  which  the  sum  of  the  cost  of 
losses  resulting  and  cost  of  line,  transmitting  and  receiving  appara- 
tus necessary  is  a  minimum.  Kapp's  modification  of  Kelvin's 
law  of  economy  is:  "The  most  economical  area  of  conductor  is 
that  for  which  the  annual  cost  of  energy  wasted  is  equal  to  the 
annual  interest  on  that  portion  of  the  capital  outlay  which  can  be 
considered  proportional  to  the  weight  of  metal  used."  As  the 
distance  at  which  energy  is  transmitted  increases,  the  cost  of  trans- 
mission line  conductor  and  the  losses  in  the  line  become  of  increasing 
importance  relative  to  the  cost  of  transmitting  and  receiving  ap- 
paratus and  the  continuance  of  a  given  economy  demands  an 
increase  in  the  voltage  of  operation.  The  amount  of  conductor 
required  for  a  transmission  line  to  transmit  a  given  amount  of  power 
with  a  given  loss  on  the  line  is  reduced  75  per  cent,  each  time  the 
voltage  at  the  receiver  is  doubled. 

The  more  common  transmission  voltages  are  2200,  4400,  6600, 
11,000,  13,200,  22,000,  33,000,  44,000,  66,000,  88,000,  110,000, 
140,000. 
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Spacing  of  Transmission  Line  Conductors.  Transmission  line 
conductors  must  be  spaced  far  enough  apart  so  that  there  will  be 
no  danger  of  arcing  nor  sparking  between  them  and  no  danger  of 
appreciable  loss  due  to  creepage  or  corona.  The  spacing  must  be 
given  particular  attention  with  regard  to  the  possibility  of  the  con- 
ductors swinging  dangerously  near  together  in  the  wind,  especially 
where  the  direction  of  the  wind  is  not  at  right  angles  to  that  of  the 
transmission  line.  The  separation  of  conductors  required  by  the 
Joint  Overhead  Crossing  Specification  is  shown  on  page  647. 

Power  Loss  and  Regulation  of  Transmission  Line.  The  values 
of  the  power  loss  and  regulation  depend  upon  the  amount  of  power 
delivered,  the  voltage  at  which  it  is  delivered  at  the  receiver  end, 
the  power  factor  of  the  load,  the  number  of  phases  and  the  frequency 
of  the  sjrstem,  the  length  of  the  line  and  the  material,  temperature, 
size,  arrangement  and  distance  apart  of  the  conductors.  For  an 
approximate  calculation  of  the  power  loss  and  regulation  accurate 
enough  for  all  ordinary  electric  railway  work,  it  is  sufficient  to  take 
into  consideration  the  following  items :  Amount  of  power  delivered, 
number  of  phases,  voltage  at  receiver,  power  factor  at  receiver, 
resistance  of  the  line  and  inductive  reactance  of  the  line.  (Note 
that  capacitance  of  the  line  is  here  omitted.) 

Calculation  of  Power  Loss  and  Regulation  for  Single-phase 
TWo-wire  Line.     For  three-phase  see  page  732. 

Power  Loss,  (kilowatts  line  loss)  = 

1000 

in  which  /  =  current  in  line,  amperes 

P  X  1000 

Ecose 
P  =  power  delivered  at  receiver,  kilowatts 
E  =  electromotive  force  at  receiver,  volts 
cos  B  =  power  factor  of  load  =  power  factor  of  receiver 
R  =  resistance  of  line,  ohms 

=  2  X  [resistance  of  one  conductor,  ohms  (see  pages  753 
to  7S6)I. 

Example:  To  find  the  power  loss  in  line  delivering  2000  kw. 
at  the  receiver  over  a  single-phase  two-wire  transmission  line 
60,000  ft.  long  composed  of  No.  i  A.W.G.  (B.  &  S.)  hard  drawn 
soUd  copper  wire;  spacing  of  conductors,  36  in.;  frequency,  60  cycles 
per  second;  electromotive  force  at  receiver,  22,000  volts;  power 
factor  at  receiver,  0.90  (current  lagging). 

Solution: 

/^         ^  .    ,.    X        2000  X  1000 
(Current  m  une)  = 


22,000  X.0.90 
«  loi  amperes. 


From  page  753  the  resistance  per  1000  ft.  of  No.  i  A.W.G.  hard- 
drawn  solid  copper  conductor  is  0.1272  ohms;  therefore: 
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(resistance  of  line)  =  12  =  2  X  60  X  0.1272  =  15.26  ohms 
(kilowatts  loss  in  line)     =  __^    —  =  i5S'7 


1000 


Regulation, 


Ec  "  E 

(per  cent,  regulation)  =  100  X ^ —     (See  Fig.  71). 

in  which  Eg  "»  electromotive  force  at  generator  end  of  line,  volts 

=  V(E  cos  0  +  IR)^+  (EVi   -  (cos  0)^+  IX)* 

I  «  current  in  line,  amperes 

^P  X  1000 

£  cos  d 

P  —  power  delivered  at  receiver,  kilowatts     • 
E  =  electromotive  force  at  receiver,  volts 
cos  $  —  power  factor  of  receiver  (load) 
R  =  resistance  of  line,  ohms 

^  2  X  [resistance    of    one    conductor,  .ohms    (see 
pages  753  to  756)] 
X  »  inductive  reactance  of  line,  ohms 

=  2  X  [inductive  reactance  of  one  wire,  ohms  (sec 
pages  766  to  771)]. 

Following  are  three  methods  of  calculating  regulation:  I. 
Solution  by  means  of  above  analytical  method.  II.  Solution  by 
the  use  of  the  ^'Mershon  Dia- 
gram" (Fig.  72)  introduced  bjr 
Mr.  Ralph  D.  Mershon,  Ameri- 
can Electrician,  1897.  III.  Solu-  ^^^Pl/^  IH 
tion  by  a  **drop-f actor"  method 
based  on  that  of  Messrs.  Charles 
F.  Scott  and  Clarence  P.  Fowler, 
Electric  Journal,  1907. 

/.  Direct  Analytical  Method  of 
Calculating  Regulation.  Example:  ^ 
To  find  the  per  cent,  regulation  eOm  e 

of  line  deUv^ng   2000  kw     at      p,G.  7x.«.e.  M.  P..  diagram  for 
the  receiver  over  a  Sll^le-phase,    single-phase  line,  capacitance   neg- 
two-wire  transmission  line  60,000  lected. 
ft.  long  composed  of  No.  i  A.W.G. 

(B.  &  S.)  hard-drawnsolid  copper  wire;  spacing  of  conductors,  36  in.; 
frequency,  60  cycles  per  second;  electromotive  force  at  receiver, 
22,000  volts;  power  factors  at  receiver,  0.90  (current  lagging). 

Solution: 


(current  in  line)  =  7  = 


P  X  1000 


Ecose 
2000  X  1600 

2 2,000 X  0.90 

10 1  amperes. 
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From  page  753  the  resistance  per  1000  ft.  of  No.  i  A.W.G.  hard- 
drawn  solid  copper  conductor  is  0.127?  ohms;  therefore 

(resistance  of  line)  =  R  =  2  X  60  X  0.1272 

=  15.26  ohms. 

From  page  768  the  inductive  reactance  per  1000  ft.  of  No.  i 
A.W.G.  soUd  conductor,  spaced  (interaxial  distance)  36  in.,  is 
0.13  2 18  ohms;  therefore 

(inductive  reactance  of  line)  =  X  =  2  X  60  X  0.13  2 18 

»  15.86  ohms 

Eq  =  V(E  cos  e  +  iR)^  +  (eVi  -  (cos  «"« +  ixy. 

(See  Fig.  71.) 
«"\/(22,ooo  X  0.90  +  lOI  X  iS.26)«+(22,oooVi  —  o.s)o*  +  loi  X  is.86)» 

=s    24098 

(Per  cent,  regulation)  =  100  X 


100  X 


E 
24,098—22,000 


22,000 
—  9.5  per  cent,  of  receiver  voltage. 

II.  Method  of  CalcidaHng  Regulation  by  Use  of  Mershon 
Diagram,  The  method  consists  of  first  determining  the  resistance 
drop  (called  for  convenience,  '' resistance  volts'')  and  the  electro- 
motive force  required  to  balance  the  inductive  reactance  (called  for 
convenience,  ''reactance  volts'');  these  are  then  expressed  in  per 
cent,  of  receiver  voltage  and  applied  to  the  Mershon  diagram 
(Fig.  72)  from  which  the  per  cent,  regulation  is  then  read  directly. 

Example:  To  find  the  per  cent,  regulation  of  a  line  delivering 
2000  kw.  at  the  receiver  over  a  single-phase,  two- wire  trans- 
mission line  60,000  ft.  long  composed  of  No.  i  A.W.G.  (B.  &  S.) 
hard-drawn  solid  copper  wire;  spacing  of  conductors,  36  in.; 
frequency,  60  cycles  per  second;  electromotive  force  at  receiver, 
22,000  volts;  power  factor  at  receiver,  0.90  (current  lagging). 

Solution: 


(current  in  line)  =  /  =« 


PX  1000 
Ecose 
2000  X  1000 


22,000X0.90 

—  loi  amperes 

From  page  753  the  resistance  per  1000  ft.  of  No.  i  A.W.G.  hard- 
drawn  solid  copper  conductor  is  0.1272  ohms;  therefore 

(resistance  of  line)  =iJ  =  2X6oX  0.1272 

—  15.26  ohms 

("resistance  volts")  =  IR  —  loi  X  15.26 

=  1 541  volts 

/  ^     *        .  1.      N       1541X100 

(per  cent,  of  receiver  voltage)  »»  -^^ "=7.0 

22,000 
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(inductive  reactance  of  line)  -y-aXfeXci 
—  15.86  ohms 
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("reactance  volts")  =  /X  =  loi  X  15.86 

=  1602  volts 

(per  cent,  of  receiver  voltage)  =  —  7-3 

^  22,000 

Now  on  the  Mershon  diagram  (Fig.  .3)  from  the  point  at  which 
the  vertical  line  at  load  power  factor  0.90  cuts  the  arc  o,  lay  off  the 
per  cent,  resistance  volts  (7)  horizontally  to  the  right.  At  the 
end  of  Ihe  resistance  volts  line  thus  laid  ofif,  lay  off  the  per  cent, 
reactance  volts  (7.3)  vertically  upward.  The  end  of  this  line  inter- 
sects the  arc  9.5,  which  is  the  per  cent,  regulation. 

///.  "Drop  Factor**  Method  of  Calculating  Regulation.  In  this 
method  the  regulation  is  found  by  multiplying  the  "resistance 
volts"  by  the  "drop  factor."  This  "drop  factor"  is  the  ratio 
which  the  difference  between  "generator  volts"  and  "receiver 
volts"  bears  to  the  "resistance  volts."  It  depends  upon  (i)  the 
ratio  of  the  "reactance  volts"  to  the  "resistance  volts"  (the  ratio 
of  the  reactance  of  the  line  to  the  resistance  of  the  line),  (2)  the 
power  factor  of  the  load,  and  (3)  the  ratio  of  the  "resistance  volts" 
to  the  "receiver  volts."  The  "drop  factor"  is  given  on  page  731 
for  "resistance  volts"  equal  to  10  per  cent,  of  the  '^receiver 
volts."  The  ratio  of  the  "resistance  volts"  to  the  "receiver  volts" 
has  a  comparatively  small  effect  on  the  drop  factor,  consequently 
this  table  may  be  used,  with  small  error  resulting,  in  cases  where 
the  "resistance  volts"  do  not  exceed  15  or  20  per  cent,  of  the 
"receiver  volts." 

Example:  To  find  the  per  cent,  regulation  of  line  delivering  2000 
kw.  at  the  receiver  over  a  single-phase,  two-wire  transmission  line 
60,000  ft.  long  composed  of  No.  i  A.W.G.  (B.  &  S.)  hard-drawn 
solid  copper  wire;  spacing  of  conductors,  36  in.;  frequency,  60 
cycles  per  second;  electromotive  force  at  receiver,  22,000  volts; 
power  nictor  at  receiver,  0.90  (current  lagging). 

Solution:  From  page  768  the  inductive  reactance  per  1000  ft. 
of  No.  I  A.W.G.  soUd  conductor,  spaced  (interaxial  distance) 
36  in.,  is  0.13218  ohm. 

From  page  753  the  resistance  per  1000  ft.  of  No.  i  A.W.G.  hard- 
drawn  solid  copper  conductor  is  0.1272  ohm. 

^,       -  reactance      0.132 18 

Therefore  — r-i =  — - — 

resistance       0.1272 

=  1.04 

(resistance  of  line)  =  i?  =  2  X  60  X  0.1272 


(current  in  line)  =  /  = 


15.26  ohms 
PX  looo 
E  cos  $, 
2000  X  1000 


22,000  X  0.90 
:=  loi  amperes 
("resistance  volts")  =  /-R  =  loi  X  15.26 

=  1 54 1  volts 
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From  the  table  bdowthe  "drop  factor"  for  a  load  power  factor 
of  90  per  cent,  and  the  ratio  of  reactance  to  resistance  of  1.04  is 
found  by  interpolation  to  be  1.39,  therefore 

(regulation    volts)  =  ("resistance    volts")  X  ("drop     factor") 

«  1541  X  1.39 
=  2142  volts 

(per  cent,  regulation)  == 

^'^  22,000 

=  9.7 

Drop  Factors  when  Resistance  Volts  are  10 
Per  Cent,  of  the  Receiver  Volts 


Ratio  of 
react- 
ance to 
resist- 
ance 


Drop'  factors  for  poorer  factors  of  (current  lagging) 


100% 


95% 


90% 


8S% 


80% 


70% 


60% 


40% 


20% 


o.io 
0.20 
0.30 

0.40 
0.50 
0.60 
0.70 

0.80 
0.90 
1. 00 
1. 10 

1.20 
1.30 
1.40 
1.50 

1.60 
1.70 
1.80 
1.90 

2.00 
2.10 

2.30 
2.30 

2.40 
2.50 
2.60 
2.70 

2.80 
2.90 
3.00 

3. 10 

* 

3.20 
3.30 
3.40 

3.50 
3.60 
3.70 


.00 
.00 
.00 

.00 
.00 
.01 
.02 

.02 
.03 
.04 

•  OS 

.06 

.07 
.08 
.10 

.  zo 
.13 

.IS 
.17 

.18 
.20 
.22 
.23 

.25 

.27 
.30 

.32 

.35 
.37 
.40 

.42 

.45 
.48 

.51 

.53 

.57 

.60 


.00 

.01 

.05 

.08 
.II 

.15 
.18 

.21 
.25 
.28 
.32 

.35 
.39 
.43 
.47 

.51 
.55 
.59 
.63 

.68 

.72 

.77 
.82 

.87 
.91 
.95 
.99 


2.05 
2.10 
2.15 
2.20 

2.26 
2.31 
2.36 

2.42 

2.47 
2.52 


.00 
.01 
.05 

.10 

.14 
.18 
.23 

.28 
.33 
•37 
.41 

.46 

SI 

'SS 

.60 

.65 
.70 
.76 
.82 

.87 

.92 

.98 

2.03 


2.09 
2.14 
2.20 
2.26 

2.32 
2.39 
2.45 
2.51 

2.57 
2.63 
2.69 

2.74 
2.80 
2.86 


0.94 
0.98 
1.02 

1.08 
1. 13 
1. 19 
1.24 

1.29 

1.34 
1.39 
1.44 

I.  SO 

1.55 
1. 61 
1.67 

1.74 
1.79 
1.85 
1.9T 

1.96 
2.03 
2.09 
2. 15 

2.22 
2.28 

2.34 
2.41 

2.47 
2.54 
2.60 
2.66 

2.73 
2.80 
2.87 

2.94 
3.00 

3.07 


0.88 
0.92 
0.99 

1.04 
1. 10 
1. 15 
1. 21 

1.28 

1.34 
1.40 

1.45 

1. 51 
1.57 
1.64 
1.70 

1.77 
1.84 

1. 91 
1.98 

2.04 
2.10 
2.17 
2.23 

2.30 

2.37 
2.44 
2.51 

2.57 
2.64 
2.72 
2.80 

2.87 

2.93 
3.00 

3.08 
3.15 
3.23 


0.80 
0.86 
0.93 

1. 00 
1.07 
1. 14 
1.20 

1.27 

1.35 
1. 41 
1.48 

1.55 
1.62 
1.70 

1.77 

1.85 

1.92 

1.99 
2.06 

2.14 
2.21 
2.29 

2.37 

2.44 
2.52 
2.60 
2.68 

2.76 
2.83 
2.90 
2.97 

3.0s 
3.12 
3.20 

3.27 
3.35 
3.43 


0.70 
0.82 
0.89 

0.93 
1. 01 

1.09 
1. 17 

1.24 
1.32 
1.39 
1.47- 

1.54 
1.63 
1. 71 
1.80 

1.87 
1.95 
2.04 
2. II 

2.19 
2.28 

2.37 
2.45 

2.53 
2.60 

2.67 

2.74 

2.83 
2.91 
3.00 
3.10 

3.20 
3.30 
3.39 

3.48 
3.56 
3-65 


0.60 
0.67 
0.74 

0.82 
0.92 
1. 01 
I. II 

1.20 
1.29 
1.38 
1.46 

1. 55 
1.64 
1.72 
1. 81 

1.90 

1.99 
2.08 
2.16 

2.25 

2.35 
2.45 
2.53 

2.62 

2.71 
2.80 
2.98 

3-07 
3.15 
3.23 
3.31 

3.39 

3.47 
356 

3.65 
3.75 
3.85 


0.30 
0.40 
0.50 

0.60 
0.70 
0.80 

0.91 

1. 01 
I. II 
1.20 
1.30 

1.40 
1.49 
1.59 
1.70 

1.80 
1.90 

1.99 
2.08 

2.18 
2.28 
2.38 
2.48 

2.58 
2.67 
2.76 
2.86 

2.95 
3.05 


3 
3 

3 
3 


15 
25 

35 
45 


3.54 

3.63 
3.72 
3.80 
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Calculation  of  Power  Loss  and  Regulation  for  Three-phase 
Three-wire  Line.  The  power  losis  and  regulation  for  a  given  three- 
phase,  three-wire  line  having  its  wires  at  the  vertices  of  an  equi- 
lateral triangle  are  equal  to  those,  respectively,  for  a  single-phase 
two-wire  line  of  the  same  size  of  wire  and  the  same  spacing  and 
supplying  a  load  equal  to  one-half  that  supplied  by  the  given  three- 
phase  line. 

Example:  To  find  the  power  loss  and  the  per  cent,  regulation 
in  a  three-phase,  three- wire  line  60,000  ft.  long  composed  of  No.  i 
A.W.G.  (B.  &  S.)  hard-drawn  solid  copper  wire  delivering  4000 
kw.  at  the  receiver;  conductors  at  the  vertices  of  an  equilateral 
triangle  and  spaced  36  in.;  frequency,  60  cycles  per  second; 
electromotive  force  at  receiver,  22,000  volts;  power  factor  at 
receiver,  0.90  (current  lagging). 

Solution:  The  power  loss  and  per  cent,  regulation  in  this  line 
will  be  equal  to  the  power  loss  and  per  cent,  regulation,  respectively, 
in  delivering  2000  kw.  at  the  receiver  over  a  single-phase, 
two-wire  transmission  line  60,000  ft.  long  composed  of  No.  i 
A.W.G.  (B.  &  S.)  hard-drawn  solid  copper  wire;  spacing  of  con- 
ductors, 36  in.;  frequency,  60  cycles  per  second;  electromotive  force 
at  receiver,  22,000  volts;  power  factor  at  receiver,  0.90  (current 
lagging).  Solving  this  single-phase  line  the  loss  is  155.7  kw. 
and  the  regulation  is  9.5  per  cent.  That  is,  the  loss  and  regulation 
in  the  above  three-phase  line  are  155.7  l^w.  and  9.5  per  cent., 
respectively. 

Positive  Feeder  System 

The  design  of  distribution  feeders  and  the  location  of  sub- 
stations must  be  considered  together  in  determining  the  beist  distri- 
bution system  for  any  particular  track,  equipment  and  condition  of 
traffic.  There  is  no  general  method  of  locating  substations  and 
designing  distribution  feeders.  Each  S3rstem  must  be  dealt  with 
according  to  its  particular  requirements  and  limitations.  A  change 
in  track,  equipment,  condition  of  traffic,  any  or  all  of  them,  may  not 
be  sufficient  to  justify  a  relocation  of  substations  unless  the  ix>rt- 
able  substation  be  used,  but  may  be  such  as  to  necessitate  a  re- 
design of  feeders.  It  should  be  noted  that  the  use  of  the  portable 
substation  demands  a  provision  for  ample  transmission  supply  to  the 
point  at  which  the  substation  is  to  be  connected  to  the  transmission 
line.  The  distribution  system  must  be  so  designed  that  the  maxi- 
mum drop  in  potential  to  cars  at  all  points  on  the  line  shall  not  ex- 
ceed thaf  which  will  leave  a  sufficient  voltage  for  the  satisfactory 
operation  of  traction  motors  and  auxiliary  apparatus  at  such  points. 
In  addition  to  this,  the  conductors  must  be  of  such  a  size  and 
length  and  must  be  so  related  that  each  will  carry  its  share  of  current 
without  undue  heating.  The  original  distribution  should  be  de- 
signed to  fill  these  requirements  at  the  minimum  yearly  cost  pos- 
sible for  the  particular  installation  being  investigated  and  this 
should  be  attempted  in  all  future  developments  of  that  instaUation. 
In  many  cases  the  limitations  met  in  such  future  development  will 
prevent  the  attainment  of  such  a  low  yearly  cost  as  was  possible  in 
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the  case  of  the  original  distribution  at  the  beginning  of  its  operation. 
In  either  case  the  quality  of  service  required  should  first  be  consid- 
ered, and  the  financial  considerations  made  secondary. 

The  design  of  feeders  and  the  location  of  substation  must  be 
according  to  load  and  its  distance  rather  than  distance  ^one,  thus 
for  the  same  drop  in  potential  the  distance  from  substation  to  a 
given  load  would  have  to  be  less  than  that  with  a  smaller  load. 
That  the  energy  be  delivered  with  no  greater  than  the  maximum 
altowalAe  drop  in  potential  must  be  the  first  provision.  That  is, 
the  energy  must  be  delivered  at  a  potential  at  least  sufficient  to 
accderate  the  trains,  enable  them  to  climb  grades,  operate  auxiliary 
apparatus  such  as  air  compressors  and  contactors  and  furnish 
satisfactory  lights,  heat  and  ,ventilation. 

A  graphical  train  schedule  (see  page  137)  is  useful  in  the  study 
of  an  interurban  distribution  system.  This  shows  the  location 
and  speed  of  trains  at  any  and  all  parts  of  the  day,  it  also  shows 
the  location  of  stations,  turnouts,  grades  and  curves.  Trolley, 
feeder,  transmission  line  layouts  and  substation  locations  may  be 
added  to  the  graphical  schedule  for  convenience  in  the  future. 
From  the  schedule  the  condition  of  regiilar  traffic  which  will  cause 
the  greatest  drop  in  potential  may  be  approximated.  The  condi- 
tion of  greatest  demand  upon  a  given  substation  may  also  be 
approximated  from  the  schedule. 

Where  local  regulations  require  that  an  insulated  return  such  as 
may  be  provided  by  a  double  trolley  or  conduit  system  shall  be 
used,  the  supply  and  return  portions  of  the  distribution  are  gener- 
ally designed  alike.  Where  the  track  rails  are  used  for  a  return, 
the  supply  feeders  must  be  so  designed  that  the  potential  drop  in 
the  supply  feeders  shall  not  be  greater  than  the  difference  between 
the  total  allowable  drop  from  substation  to  car  and  the  drop  in  the 
track  return. 

Distribution  systems  divide  into  two  general  classes,  namely, 
interurban  and  city.  These  classes  are  characterized  by  the  fre- 
quency of  service.  The  interurban  distribution  must  be  designed 
to  limit  the  maximum  drop  to  starting  trains  or  trains  operating 
under  very  severe  grade  conditions.  In  city  distribution  where 
the  current  required  to  start  an  individual  train  alters  the  average 
current  but  slightly,  the  distribution  is  designed  for  the  average 
current  demanded  by  the  trains  operating  on  the  section  uiidei:  con- 
sideration. Such  design  will  be  further  influenced  by  concentrated 
rush  loads  of  considerable  duration. 

The  position  and  equipment  of  substations  will  often  be  deter- 
mined by  prominent  load  centers  together  with  real  estate  and  other 
business  conditions  peculiar  to  the  problem  in  hand.  Where,  how- 
ever, there  is  not  such  a  guide  it  may  be  necessary  to  decide  upon  the 
number  of  substations  necessary  to  feed  the  section  under  considera- 
tion. The  number  of  stations  with  which  there  will  result  the  least 
total  annual  cost  will  in  this  case  be  the  best.  This  may  be  decided 
upon  by  calculating  the  total  annual  cost  for  each  of  several  num- 
bers of  stations.  For  convenience  in  arriving  at  this  total  cost  the 
value  of  each  of  the  eight  following  parts  may  be  determined  and 
these  added  together: 
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1.  Annual  charges  on  substation  buildings  and  land. 

2.  Annual  charges  on  substation  equipment. 

3.  Annual  charges  on  distribution  conductor  (feeders,  trolley 
wire,  third  rail,  their  supports,  etc.). 

4.  Annual  charges  on  transmission  system. 

5.  Annual  cost  of  substation  attendance. 

6.  Annual  cost  of  substation  losses. 

7.  Annual  cost  of  losses  in  distribution  conductors. 

8.  Annual  cost  of  transmission  losses. 

Mr.  H.  F.  Parshall,  British  Institution  of  Civil  Engineers,  1914* 
draws  the  following  conclusions  from  an  elaborate  study  based 
largely  upon  operating  costs  of  the  Central  London  Railway. 
They  illustrate  briefly  the  influence  of  the  important  factors  which 
determine  the  cost  of  a  distribution  system.  With  the  given  energy 
consumption  per  unit  of  length  of  line  that  follows  from  a  given 
train  movement,  the  capacity  of  the  substations  increases  directly 
with  the  distance  between  them.  The  energy  loss  in  distribution 
conductors  of  a  given  section  varies  with  the  cube  of  the  distance 
between  substations.  The  cost  of  attendance  is  within  wide  limits 
independent  of  the  size  of  the  substation.  The  cost  of  the  plant 
per  kilowatt  falls  off  with  the  size  of  the  units,  but  the  maintenance 
and  renewals  per  kilowatt  are  more  or  less  constant.  With  rotap' 
converter  substations  and  a  working  voltage  of  600,  and  for  certain 
assumed  energy  consumption,  the  most  economical  substation 
spacings  are  Sh  miles,  5H  miles  and  $H  miles  for  train  service  of 
six,  twelve  and  twenty-four  trains  per  hour,  respectively.  For  a 
working  voltage  of  1200,  the  substation  spacings  are  11  miles,  ^H 
miles  and  5  miles,  respectively,  while  when  2400  volts  are  adopted 
the  most  economical  substation  spacings  are  16  miles,  12  miles 
and  Sy^  miles  for  the  three  train  services,  respectively.  With  the 
present  arrangement  of  rotary  converter  substations,  there  is  little 
advantage  in  a  higher  voltage  than  2400  for  the  track  conductor. 
The  economy  of  higher  voltages  is  shown  to  be  approximately  the 
same  whatever  the  train  service.  As  between  6ck>  volts  and  1200 
volts  there  is  a  saving  of  14  per  cent,  in  the  total  annual  costs  of 
the  distribution  system;  as  between  1200  volts  and  2400  volts  there 
is  a  further  saving  of  7  per  cent,  or  21  per  cent,  as  between  600 
volts  and  2400  volts.  If  the  working  voltage  is  further  increased 
to  3600,  there  is  a  decrease  in  total  annual  expenditure  on  substation 
and  overhead  conductor  equipment  of  only  3  per  cent.,  which  will 
be  less  than  the  additional  cost  of  the  roUing  stock.  For  single- 
phase  distribution  at  5000  volts  the  most  economical  substation 
spacings  are  31  miles,  24  miles  and  16  miles  for  train  services  of 
two,  three  and  six  trains  per  hour,  respectively.  At  10,000  volts 
single-phase,  the  most  economical  substation  spacings  are  45  miles, 
34  miles  and  26  miles  for  the  same  three  train  services,  respectivdy. 
With  three-phase  distribution  at  5000  volts,  the  most  economical 
distances  between  substations  are  38  miles,  31  miles  and  18  miles 
for  the  same  respective  train  services.  In  most  of  these  last  cases, 
however,  the  economical  distance  between  substations  thus  deter- 
mined is  greater  than  woidd  be  permissible  in  practice  from  con- 
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siderations  of  both  traffic  operation  and  voltage  drop.  Further, 
in  the  case  of  the  single-phase  operation,  the  lower  pressure  of 
5000  volts  is  found  to  be  the  most  economical  fox  certain  servdces 
and  the  higher  pressures  of  10,000  volts,  12,000  volts  and  15,000 
volts  in  vogue  in  Europe  are  explained  by  consideration  of  voltage 
drop. 

Mr.  W.  S.  Murray,  in  commenting  on  the  above  quoted  paper, 
points  out  that  Mr.  Parshall  has  assumed  a  power  factor  for  the 
single-phase  distribution  of  from  40  to  45  per  cent.  Mr.  Murray 
states  that  this  is  but  little  more  than  one-half  of  that  which  would 
obtain  in  actual  practice  and  points  out  that  the  single-phase 
substation  spacing  should  be  considerably  greater  than  that  given 
in  Mr.  Parshall's  paper  if  the  proper  pow^r  factor  and  the  same 
size  train  units  are  assumed. 

City  Distribution  Ssrstem.  The  design  of  a  city  distribution 
system  may  be  well  outlined  by  a  typical  case,  namely,  the  rehabili- 
tation of  the  Chicago  surface  lines.  The  following  is  from  the 
Second  Annual  Report  of  the  Board  of  Supervising  Engineers, 
Chicago  Traction: 

**It  was  the  sense  of  the  Board  that  the  direct-current  feeder 
copper  for  the  Chicago  Railways  Company  and  the  Chicago  City 
Railway  Company  should  be  figured  on  a  basis  of  75  amperes  per  car 
between  the  direct-current  bus  bars  of  substations  or  power  houses, 
and  the  point  of  delivery  at  the  car;  it  being  understood  that  it  is 
the  intention  of  both  roads  to  carry  the  voltage  somewhat  lower 
than  600  volts  at  the  station  bus  bars  until  such  time  as,  through 
the  elimination  of  low  voltage  motors  and  otherwise,  they  are 
able  to  raise  the  voltage  to  600  volts.  After  discussion  the  follow- 
ing resolution  was  unanimously  adopted : 

"Resolved,  That  the  system  of  secondary  or  direct-current  elec- 
trical conductors  or  feeders  for  the  Chicago  Railways  Company  and 
the  Chicago  City  Railway  Company  shall  be  calculated  and  plans 
made  therefor  by  the  Chief  Engineer  of  the  Work  on  the  following 
basis:  ^ 

"i.  That  the  direct-current  bus  bar  at  power  houses  or  sub- 
stations will  be  operated  at  approximately  600  volts. 

"  2.  That  an  allowance  of  40  kw.  in  power  house  and  sub- 
station capacity  for  each  standard  double  truck  car  of  the  type 
approved  by  the  Board  of  Supervising  Engineers,  weighing  approxi- 
mately 26  tons  light,  or  its  equivalent,  will  be  provided  at  each 
direct-current  bus  bar. 

"3.  That  in  calculating  the  copper  for  current-carrying  capacity 
an  allowance  of  75  amperes  for  each  standard  double  truck  car,  as 
described  above,  or  its  equivalent,  shall  be  allowed. 

"4.  That  an  average*  drop  of  50  volts  will  be  allowed  between 
the  direct-current  bus  bars  and  the  center  of  gravity  of  the  trolley 
section,  due  provision  being  made  for  suitable  tie  lines  to  take  care 
of  emergency  cases. 

"5.  That  the  canying  capacity  of  insulated  undergroimd  cables 
shall  be  calculated  upon  the  following  basis: 

*  This  refers  to  the  averajg^e  maximum  for  the  a-hour  morning  and  even^ 
ipg  ruth  periods.    In  majority  of  cases  the  drop  is  less  than  50  volts. 
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• 

Lead 
covered 

Paper 
covered 

Triple  braid- 
ed weather- 
proof 

x.ooo.ooo  arc.  mils  cable  amp.. . 
500.000  circ.  mils  cable  amp.. . 
350,000  circ.  mils  cable  amp.. . 
A/o  cable  amoeres 

800 
500 
37S 

xooo 
600 
42s 

1250 
62  s 
325 
32s 

"In  arriving  at  the  kilowatts  and  amperes  per  car  stated  in  the 
foregoing  resolution  a  series  of  tests  was  made  jointly  by  representa- 
tives of  the  Chicago  City  Railway  Company,  the  Chicago  Railways 
Company  and  the  Division  of  Electrical  Transmission  and  Distribu- 
tion. 

"Tests  were  first  made  upon  a  single  car  by  eqiupping  it  with 
instruments  and  stationing  observers  upon  it  to  record  the  results 
in  actual  operation  on  different  kinds  of  service. 

"Tests  were  also  made  upon  groups  of  eighteen  to  seventy-six 
cars  operating  on  an  isolated  trolley  section  of  a  mile  or  more  in 
length  by  stationing  observers  to  note  the  cars  entering  and  leav- 
ing the  section  and  also  to  take  readings  on  station  switchboards  of 
the  current  and  voltage  on  the  feeders  to  the  sections  at  15-second 
intervals. 

Tests  on  Single  Car,  Car  tested:  Chicago  City  Railway  Com- 
pany's Pay-as-you-enter  car  No.  5446.  Scale  weight:  55,800  lb. 
or  27.9  tons.  Motor  equipment:  Four  40-h.p.,  No.  G.  E. — 80 
motors.  Motor  control:  No.  K-28-E.  Gear  ratio:  69:17  or 
4.06  : 1  with  33-in.  wheels.  Air  brakes:  With  i6-ft.  compressor  set 
for  range  of  60  to  85  lb.  Heaters:  Electric,  consisting  of  14  truss 
plank  heaters,  4  panel  heaters,  2  platform  heaters.  Lighting: 
Eighteen  i6-c.p.  side  lights,  three  32-c.p.  center  lights,  one  i6-c.p. 
platform  light,  one  32-c.p.  headlight. 


Summary  of  Fifteen  Tests  on  Single  Car,  May  28  to 

June  i,  1908 


Minimum 


Maximum 


Average 


Passengers,  crew  and  observers 

Weight  in  tons,  car  and  live  load 

Schedule  speed  in  miles  per  hour 

Volts  at  car , . 

Heater  energy,  kw.: 

First  point  (s  tests) 

Second  point  (5  tests) 

lliird  point  (6  tests) 

Lighting  energy,  kw.  (5  tests) 

TotjQ  energy,  kw.  at  car: 

Motors  and  compressor 

Motors,  compressor  and  lights 

Same  with  i  point  heat 

Same  with  2  points  heat 

Same  with  3  points  heat 

Amperes  at  550  volts  at  car  motors, 

compressor,  lights  and  2  points  heat. 


17.0 
39.09 
7.69 
450.0 

2.865 
5.006 
7.62 
1.603 

28.21 

29.82 
32.69 
34.83 
37.56 

63.33 


63.0 

32.31 
11.04 
S4S.0 

2.89 
5. 015 

7.79 
1. 612 

46.50 
48.11 
50.98 
53. 1 2 
55.8s 

96.58 


30.4 
30.03 
8.91 
494.0 

2.87 
5 .01 

7.74 

i.6x 

37.  IQ 
38.80 
41. 6x 
43.81 
46.54 

79.66 
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SuMicAKY  OF  Section  Tests,  June  ii,  1908 
Two  Hours  Maximum  Service 


Minimum 


Maximum 


Average 


Number  of  cars  on  section 

Amperes  to  section  at  station 

Amperes  per  car  at  station 

Adding  lO  per  cent,  for  winter  load. . . . 
Adding   la   amperes  for  lights  and  2 

points  heat 

Kw.  at  station 

Adding  10  per  cent,  for  winter  load. . . . 
Adding  6.62  for  lights  and  2  points  heat. 


23.3 
1686.0 

49.4 
54.3 

66.3 
275 
30.3 
36.9 


75. 7 

4076.0 

80.2 

88.2 

100.2 
44.0 
48.4 
SSO 


62.7 
3430.0 

55.45 
61.00 

73  00 
32. 5 
35.8 
42.4 


<(- 


It  was  assumed  that  the  average  maximum  condition  for  which 
feeders  should  be  provided  would  be  when  a  car  was  operating  with 
motors,  compressor,  lights  and  two  points  on  heaters.  On  this 
basis  the  individual  and  section  tests  compare  as  follows  per  car: 


Minimum 


Maximum 


Average 


Individual  car  tests: 

Kw.  at  car 

Amperes  at  car 

Section  tests: 

Kw.  at  station. . . . 

Amperes  at  station 


34.83 
63.33 

36.9 
66.3 


53.12 
96.58 

55. o 
100.2 


43.81 
79.66 

42.4 
73.0 


"The  calculations  for  feeder  requirements  for  the  Chicago  City 
Railway  system  are  briefly  outlined.  This  system  is  used  because 
the  calculations  have  been  practically  completed  during  the  y^r. 

"i.  From  the  proposed  operating  schedules  the  total  number  of 
cars  which  were  required  during  the  "rush*'  hours  was  distributed 
and  plotted  upon  a  skeleton  map  of  the  system,  which  is  called  a 
'  Spot  Map. '  The  afternoon  maximum  period  is  usually  the  heav- 
iest service  period,  so  that  the  car  distribution  for  2  hours  of  what 
is  styled  the  'P.  M.  Rush'  was  used  on  this  map. 

"  2.  The  trolley  sections  were  then  drawn  and  the  number  of  cars 
on  each  multiplied  by  75,  which  gives  the  total  average  maximum 
load  for  each  individual  trolley  section  in  amperes.  This  amount 
was  placed  in  a  small  drcle  at  the  center  of  gravity  of  the  troUey 
section. 

"5.  A  study  was  then  made  of  the  proper  location  of  stations. 
The  best  probable  locations  were  selected  and  a  calculation  of  load 
centers  was  made  by  finding  the  combined  center  of  gravitv  of  the 
loads  about  a  given  station.  If  a  given  system  was  to  be  fed  by  a 
single  power  house,  the  system  load  center  was  also  determined, 
which  showed  the  most  economical  location  so  far  as  distribution 
of  copper  was  concerned  for  the  generating  station.  If  the  loca- 
tions chosen  were  not  the  most  economical  for  distribution  of  copper, 
studies  were  made  of  comparative  costs  for  other  locations  where  the 
company  might  have  property  or  where  real  estate  for  substation 
purposes  might  be  obtained  to  advantage. 

"4.  After  the  station  locations  were  definitely  settled  and  the 
sections  to  be  fed  from  each  station  were  decided  upon,  a  'spider 
47 
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diagram'  was  added  to  the  drawing,  wliich  then  became  a  drawing 
of  record,  and  showed  at  a  glance  what  sections  were  fed  from  any 
given  station  and  what  average  maximum  load  was  to  be  expected 
upon  that  section  (see  Fig.  73). 

"S-  The  most  desirable  routes  for  the  cables  were  then  deter- 
mined, drawn  upon  a  diagram  and  the  distances  measured  from 
station  bus  bar  to  the  load  center  of  each  tioUey  section. 


Fic.  73. — Trollev  Hction  map  and  spida  dingram,   Chicafto. 
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"6,  The  size  of  each  feeder  was  then  calculated  in  accordance 
with  the  requirements  of  Resolution  No.  562  (page  735).  The 
known  elements  are: 

A.  Load  in  amperes. 

B.  Distance  in  feet. 

C.  Drop  in  potential,  50  volts  more  or  less. 

D.  Unit  sizes  of  cables  and  carrying  capacity  of  each. 

From  these  the  size  of  cable  was  calculated  or  read  directly  from 
the  curves  without  calculation  (see  Fig.  75). 

"  7.  A  certain  number  of  the  more  important  trolley  sections  are 
fed  from  two  separate  stations  in  such  a  way  that  in  case  of  the  shut- 
down of  one  station  or  of  accident  to  one  feeder,  the  cars  on  the  sec- 
tion could  still  be  operated  from  the  other  station,  or  by  means  of  the 
other  feeder.  These  are  designated  as  'tie-sections'  and  in  addi- 
tion to  the  above  advantages,  are  so  proportioned  and  calculated 
that  on  the  whole  system  in  case  of  the  shut-down  of  pne  or  two 
stadons,  a  certain  proportion  of  the  cars  can  be  carried  on  the  re- 
maining stations  by  interconnecting  through  these  tie  lines. 

"8.  Where  the  ordinances  required  feeders  to  be  placed  under- 
ground, it  was  necessary  to  lay  out  imderground  conduili  lines.  A 
diagram  is  used  for  this;  the  number  of  cables  over  a  given  section 
being  represented  arbitrarily  by  the  numerator  of  a  fraction,  and 
the  number  of  ducts  by  the  denominator.  Extra  ducts  are  installed 
in  all  conduit  lines  where  practicable,  to  provide  for  future  growth 
without  tearing  up  pavements.  The  percentage  of  extra  ducts  will 
vary  for  different  locations,  depending  upon  the  estimates  of  future 
requirements." 

Feeder  Calculations 

Significance  of  symbols  In  following  Cases  I  to  X,  inclusive: 

(C»M.)y  (CJf  .)i,  (CM.)  2  =  cross-sectional  area  of  conductor  at 
20  deg.  C.,  68  deg.  F.,  expressed  in  circular  mils.  [Note:  This  may 
be  the  cross-sectional  area  of  one  solid  conductor  or  the  combined 
cross-sectional  areas  of  two  or  more  conductors  of  equal  length 
operating  in  parallel  to  give  the  equivalent  cross-sectional  area  of 
one  large  conductor.  This  includes  the  case  of  combined  working 
conductor  (trolley  wire  or  third  rail)  and  feeder  tied  together  at 
short  intervals.] 

e,  eat  tb  —  potential  drop  in  feeder  as  indicated  below,  volts. 

/  =  total  current  uniformly  distributed  along  sec- 
tion, amperes. 

la  and  h  "=  current  taken  from  conductor  at  points  a  and 
h,  respectively,  amperes. 

I  A,  /b,  Ii,  lii  It  =  current  as  indicated  below,  amperes. 

K  =  direct  current  resistivity  of  conductor,  ohms 
per  circular  mil  foot. 
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K  ohms  at  30 
deg.  C..68de8.P. 

International  Annealed  Copper  Standard,  solid lo .  37 

International  Annealed  Copper  Standard,  stranded 10.58 

Hard-drawn  copper,  approximate  average,  solid 10.65 

Hard-drawn  copper,  approximate  average,  stranded 10 .  86 

Hard-drawn  aluminum,  average,  solid 16.4 

Hard-drawn  aluminum,  average,  stranded 16. 7 

Siemens  Martin  steel,  stranded ii9* 7 

Third  rail  or  slot  contact  rail,  steel 83 .  o 

Note:    This  is  for  steel  of  a  resistivity  eight  times  that  of  the   Intern** 
tional  Annealed  Copper  Standard.     See  page  679-    For  sixes,  weights  and  re* 
sistances  of  bare  sc»id  and  stranded  copper  and  stranded  aluminum  see  | 
tables  on  pages  753  to  756. 

/,  h,  hf  hy  liih  =  length  as  indicated  below,  feet, 
r.  fi,  ^2,  fs,  fi,  fs  =  resistance  per  foot  of  conductor,  ohms. 

R  =  resistance  per  foot  of  track  (two  rails)  return, 
ohms. 
Sf  Si,  S2  =  source   of    supply,   this    may   be    generating 
station,  substation  or  another  feeder. 
Case  I.     (Fig.  74.)     Load  concentrated  at  a  point  on  conductor 

of  uniform  cross-section. 


® 


■t 


^  (CM.)  =  '-'"' 


Pig.  74.  ^* 

(Volts  drop  to  point  a)  =  e«  =  /«r/. 

Ctures  for  Calculatiiig  Drop  and  Cftpadty  of  Feeders.     Fig.  75 

gives  curves  by  which  the  solution  of  problems  of  Case  I  may  be 
rapidly  approximated.  These  curves  are  plotted  for  copper  having 
a  resistance  of  10.56  ohms  per  circular-mil  foot.  By  the  applicatioD 
of  proportion  they  may  be  used  for  other  resistivities.  The  follow- 
ing examples  illustrate  the  use  of  the  curves: 

(a)  Find  the  drop  on  a  500,000  dr.-mil  cable,  5000  ft.  long 
and  carrying  450  amperes.  Follow  the  5000-ft.  ordinate  up  to  the 
500,000  cir.-ndl  radial  line,  then  horizontally  until  the  450-am- 
pere  ordinate  is  crossed.  This  intersection  at  47.5  gives  the  volts 
drop. 

(b)  Find  the  circular  mils  cross-section  of  a  cable  to  carry  800  am- 
peres 8000  ft.  with  30  volts  drop.  Follow  the  8oo-ampere  ordinate 
up  to  the  30-volt  line,  then  horizontally  until  the  8o<x>-ft.  ordinate 
is  crossed.  The  location  of  this  intersection  gives  the  size  as 
2,250,000  cir.  mils. 

(c)  Find  the  distance  a  1,500,000  cir  .-mil  cable  will  'carry  600 
amperes  with  a  40-volt  drop.  Follow  the  600-ampere  or^nate 
to  the  40-volt  curve,  then  horizontally  to  the  1,500,000  dr.-mil 
line.    The  ordinate  through  this  line  gives  the  distance  as  9350  ft. 

Case  n.  (Fig.  76.)  Load  concentrated  at  a  point,  two  conduc- 
tors of  different  cross-section  in  series.  (Note  :  This  solution  is  con- 
venient when  the  size  of  conductor  as  determined  by  Case  I  lies  be- 
tween two  sizes  available  and  it  is  desirable  to  so  construct  the 
line  that  the  drop  to  point  a  will  be  equal  to  that  for  the  size  of 
wire  as  determined  by  Case  I.)  • 

/   -,  g*  —  ^<^^^ 
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also 


*         /of  I  —  I^l 


® 


"1- 


-li 


<— I 


2 


V 


Pio.  76. 

Case  in.     (Fig.  77.)    Total  load  of  /  amperes  xinifonnly  dis- 
tributed, conductor  of  uniform  cross-section. 

{CM.)  =  ^^^ 


(Volts  drop  to  end  of  section)  =  g  = 


4 


26 

Irl 


Fig.  77. 

Case  IV.    (Fig.  78.)    Load  concentrated  at  a  point,  conductors 
as  in  Fig.  78. 

(Volts  drop  to  point  a)  — 

ea^Ia     nh  +  /  I  \    .    /       1        Y 
(Amperes  in  conductor  i4)  = 

U 


irtorJ'.  "    f> : 1 f 


Pig.  78. 
(Amperes  in  conductor  B)  — 

also  Ib  —  la  —  I  A, 
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Case  V.     (Fig.  79.)    Load  concentrated  at  a  point,  conductors 
as  in  Fig.  79. 
(Volts  drop  to  point  a)  *= 

I 
Ca  -  la 


-  Vali  +  r^i)         \r2l2  +  rslj  . 


'^ 


A^ 


^B 


Ht- 


1 


Insalator 
< 1 


3 


^ 


-^ll^ 


][ 


^^ll 


Pig.  79. 


(Amperes  in  conductor  A)  — 

"L(''2^2  +  fS^S 


+  r4^i  +  fj/ 


3] 


(Amperes  in  conductor  B)  = 


also  /b  ™I  a—  I  A. 

Case  VI.  (Fig.  80.)  Load  concentrated  at  a  point,  conductor  of 
uniform  cross-section  {CM,,  of  r  ohms  resistance  per  foot),  source 
of  supply  at  each  end  of  conductor,  sources  of  supply  at  the  same 
potential,  track  return  assumed  to  be  of  uniform  resistance  per  foot. 


© 


^ 


a 


-1- 


(CJf .)  = 
(Volts  drop  to  point  a)  =  ««  = 


Fig.  80. 


ej 


lah 


(Amperes  in  section  /i,  supplied  by  Si)  =  /i  =  — y 

(Amperes  in  section  1%  supplied  by  ^2)  =  /2  =  -7- 

also  I2  —  la  —  Ii 

Case  Vn.  (Fig.  80.)  Load  concentrated  at  a  point,  conductor 
not  of  uniform  cross-section  but  of  cross-section  (C.Jlf  .)i  having  a 
resistance  of  ri  ohms  per  foot  from  source  Si  to  point  a  and  of 
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cross-section  (C,M.)%  having  a  resistance  of  fs  ohms  per  foot  from 
source  St  to  point  a,  source  of  supply  at  each  end  of  conductor, 
sources  of  supply  at  the  same  potential,  track  return  assumed  to 
be  of  uniform  resistance  (R  ohms  per  foot). 
(Volts  drop  to  point  a)  = 

_  ,   r         f i/i^2(rt  +  R)         1 

^;        "  L/i(ri  +  ^)  +  ^^(rt  +  R)] 
(Amperes  in  section  h  supplied  by  Si)  = 

T  -  T  r    '  >'('•«+ ^)     1 

'  ~       L^n  +  U)  +  «r.  +  J?)  J 
(Amperes  in  section  U  supplied  by  St)  = 

'"    ''lh{ri  +  R)+lt(rt  +  R)] 

also  7t  =  /a  —  Ii 

Case  VnL  (Fig.  Si.)  Load  concentrated  at  two  points,  con- 
ductor of  uniform  cross-section  (having  a  resistance  of  r  ohms  per 
foot),  source  of  supply  at  each  end  of  conductor,  sources  of  supply 
at  the  same  potential,  track  return  assumed  to  be  of  luiform 
resistance  per  foot. 

^ 


; 


1 > 


Pig.  8 I. 

(Volts  drop  to  point  a)  =  ««  =  Iirli 
(Volts  drop  to  point  6)  =  e^  =  /jf/j 
(Amperes  in  section  h  supplied  by  Si)  « 

-        laih  +  h)  -f  Ut 

^ 

(Amperes  in  section  1%  supplied  by  52)  = 

J           IJl  +  /6(/l  +  h) 
'i 

also  h  -  la  -\-  h  —  Ii 

(Amperes  in  section  h)  —  Iz  =  Ii  —  la 

(Note:    In  case  the  value  of  /a  thus  obtained  is  minus,  tMs  minus 
sign  indicates  that  /« is  supplied  by  ^2). 

Case  IX.  (Fig.  81.)  Load  concentrated  at  two  points,  con- 
ductor not  of  uniform  cross-section  (sections  /i.  It  and  /«  having 
resistances  of  ri,  ft  and  ti  ohms  per  foot  respectively),  source  of 
supply  at  each  end  of  conductor,  sources  of  supply  at  the  same 
potential,  track  return  assumed  to  be  of  uniform  resistance  (R 
ohms  per  foot). 

(Volts  drop  to  point  a)  =  ea  —  Iifih 
(Volts  drop  to  point  ft)  =*  gfc  =  Ijr^t 
(Amperes  m  section  /i  supplied  by  Si)  » 

J   ^    IMu  +  Jg)  +  Wa  -h  h){rt  +  R) 
'      h{ri  +  -R)  -h  /2(r2  +  R)+  h{u  +  R) 
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(Amperes  in  aectioo  It  supplied  by  5i)  = 

.  li(I,  +  hnr,  +  R)+IMr,  +  R) 

'  '  i.C'-i  +  Jf)  +  J,(r,  +  S)+  l,(r,  +  R) 
also  /.-/.+  /i.  -  7i 

(Amperes  ^in  section  It)  =  Ji  ■•  Ji  —  /,, 

(Note:  In  case  the  value  of  It  thus  obtained  is  minus,  this  minus 
sign  indicates  that  It  is  supplied  by  S^. 

Ctue  X.  (Fig.  8j.)  To^l  load  of  I  amperes  unitonnly  dis- 
tributed, conductor  of  uniform  cross-section,  source  of  supply  at 
each  end  of  conductor,  sources  of  supply  at  the  same  potential. 


(Volts  drop  to  center  of  section)  =  e  =  -^ 

(Cross-section  of  conductor  for  drop  e  to  center  of  section)  — 

(CM.y-'-§ 

(Amperes  supplied  by  Si)  =  /i  =  — 
(Amperes  supplied  by  S^  ~  I,  =  — 


Economiul  Voltage  Drop  hi  Conductors.  Fig.  83  affords  a  means 
of  rapidly  approiimating  the  most  economical  voltage  drop  per  mile 
of  conductor  for  a  given  cost  of  energy  lost  and  given  annual 
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charges  against  the  installation.  These  curves  were  derived 
according  to  Kapp's  modification  of  Kelvin's  law,  which  is:  "The 
most  economical  area  of  conductor  is  that  for  which  the  annual 
cost  of  energy  wasted  is  equal  to  the  annual  interest  on*  that  por- 
tion of  the  capital  outlay  which  can  be  considered  proportional  to 
the  weight  of  metal  used."  Example:  When  the  annual  charges 
are  $450  per  mile  per  1,000,000  circular  mils  of  conductor  and  Qie 
cost  of  energy  lost  is  $0,007  per  kilowatt  hour,  what  is  the  most 
economical  voltage  drop  per  mile  of  •  conductor?  Beginning  at 
$450  point  on  the  horizontal  scale,  follow  the  vertical  to  its  inter- 
section with  the  $0,007  curve.  From  this  point  follow  the  horizon- 
tal to  the  scale  on  the  left.  The  intersection  with  this  scale  shows 
that  the  most  economical  voltage  drop  per  mile  in  this  particular 
case  is  20. 

Negative  Return  Systems 

Uniformly  Distributed  Load,  Track  Extending  in  one  Direction 
(no  Network).  The  curves  and  formulas,  Figs.  84  to  90,  inclu- 
sive, from  a  paper  by  Mr.  G.  I.  Rhodes,  A.I.E.E.,  1907,  are  theo- 
retical, giving  convenient  comparisons  of  voltage  drop,  earth 
currents  and  amounts  of  auxiliary  negative  conductor  necessary, 
for  various  return  systems  in  which  the  load  is  uniformly  distributed 
over  the  whole  line  which  extends  in  one  direction  only  from  the 
power  station.  It  is  also  assumed  that  the  only  resistance  in  the 
path  of  the  earth  current  is  the  contact  resistance  between  rail  and 
ground.  This  is  a  safe  assumption,  as  it  gives  the  highest  possible 
values  of  earth  current.  These  curves  show  that  the  way  to  obtain  a 
minimum  of  stray  current  from  the  grounded  rails  of  a  single-trolley 
electric  road  is  to  insulate  the  negative  bus  bar,  and  to  employ  two 
or  more  insulated  return  feeders  either  so  proportioned  in  resist- 
ance or  provided  with  negative  boosters  as  to  produce  equal  poten- 
tials at  their  connecting  points  to  the  rails.  The  following  seven 
general  cases   are  considered:  I.  No   copper  in   return   circuit. 

II.  Copper  of  uniform  section  bonded  to  the  rails  at  short  intervals. 

III.  Copper  distributed  to  give  uniform  drop,  bonded  to  the  rails 
at  short  intervals.  IV.  A  single  insulated  negative  feeder  connected 
to  rails  at  middle  of  the  line  and  at  the  power  station.  V.  A 
single  insulated  feeder  connecting  the  rails  to  the  negative  bus  bar 
only  at  the  middle  of  the  line.  VI.  Several  insulated  feeders. 
VII.  Several  insidated  feeders  with  equal  potentials  at  all  feed 
points.  In  Figs.  84  to  86,  inclusive,  the  ordinates  of  the  curves 
are  proportional  to  the  voltage  drop  (100  per  cent,  voltage  drop 

=  ^-=-  =  drop  to  end  of  line,  Case  I)  and  the  area  beneath  the 

curve  is  a  measure  of  the  earth  or  leakage  current. 
The  significance  of  symbols  is  as  follows: 
i  =  current  at  any  point  on  line 
/  =  total  current 

V  =  ix>tential  at  any  point  referred  to  bus  bar  as  zero 
/  —  distance  from  power  station 
L  =  total  length  of  line 
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Lo  ^  distance  to  point  at  which,  with  bus  bar  insulated,  rail 
and  earth  are  at  same  potential 
r  «=  resistance  per  foot  of  return 

p  =  resistance  per  cir.  mil-foot  of  copper  =*  10.37  ohms 
w  =»  weight  per  cir.  mil-foot  of  copper  =  0.00000302  lb. 
Si  »  equivalent  conductivity  of  track  rails  in  cir.  mils  of  copper 
Se  =  dr.  mils  of  return  copper  at  power  station 
W  =■  weight  of  return  copper 
A  «  area  representing  leakage  current  with  negative  bus  bar 

grounded 
a  »  area  representing  leakage  current  with  negative  bus  bar 
insulated. 
I.  No  return  copper: 

n.  R  turn  copper  of  uniform  section: 

ni.  Copper  distributed  for  uniform  drop: 

'  a  straight  line  up  to  the  point  at  which  / = Zi = L       * 


Si+Se  "" "^ "^ *       Si+S, 

but  for  values  oil  greater  than  Lu 

pi  UL  -LiW  -Li)     (I  -  Li)n         pILt 

Si  I  L  2L      j'^Si+Sc 

,  _  Si(sSc* -f  eSiSc -i* 25i')  [p/zn    .     ir  Si*     i 


2(5.-  -h  5c)» 

-jSi^VpiLn 


Si(3Sc^+6SiSc+2Si*)^[pIL*'\         ^_     wSc^L 


24(5»+5c)»  IzSi}  2(5i  +  W 

IV.  Single  insulated  return  feeder  from  middle  of  line.     Con- 
nection to  rails  at  power  house: 


From  /  a»  --  to  » 
2 
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V.  A  single  insulated  return  feeder  from  middle  of  line.    No 
other  connection  to  rail: 


From  /  =  0  to  /  =  - 

2 


and  from  /  =  -  to  /  » 

2 

A  =  65i  4-  So  p/Ln 


V  =  pIL 


\_2Sc  "^  85i  J 

m[H)-M: 


+ 


Lo  =  — 7::.  and  Z., 


a  = 


r^-^^1 


I2\/3    L  25»  J 

(The  weight  of  copper  is  the  same  as  in  Case  IV) 

VI.  With  several  insulated  feeders  the  potential  curve  will  take 
a  form  similar  to  that  of  Case  V  in  which  the  curve  between  any 
two  feeders  is  a  portion  of  the  parabola  of  Case  I.  •  If  the  feeders 
are  of  uniform  size,  the  general  form  of  the  potential  curve  will 
approach  the  straight  line  of  Case  III  as  the  number  of  feeders  is 
increased  indefinitely.  With  a  single  feeder  the  area  measuring 
leakage  current  is  lajrger  than  for  the  case  with  the  copper  distri- 
buted for  uniform  drop,  and  with  increasing  number  of  feeders 
this  area  will  approach  it  as  a  Umit.  Wit]h  feeders  graded  in 
size  to  give  uniform  potential  at  the  feed  points,  the  curves  will  be 
of  the  forms  in  Case  VII. 
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Pig.  84. — Potential  curves. 
Cases  I-V. 


Pig.  85.— Potential  of  negative  re- 
ferred to  bus  bar.  Case  VII. 


VII.  Several  insulated  feeders  with  equal  potentials  at  feed 
points.  In  this  case  the  uniformly  equal  potentials  at  the  ends  of 
feeders  may  be  secured  by  properly  adjusting  the  sizes  or  by  means 
of  negative  boosters.  By  adjustment  of  sizes,  the  potential  of  the 
track  must  necessarily  be  greater  than  that  of  the  bus  bar,  and  if 
there  is  a  solid  groimd  at  the  power  station  there  will  be  a  leakage 
current  due  to  this  difference;  but  with  the  use  of  boosters  the 
potentiab  at  the  ends  of  the  feeders  can  be  maintained  uniform 
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with  the  negative  bus  bar.  For  the  best  results  with  a  given 
number  of  feeders  it  is  evident  that  they  must  be  connected  to 
the  rails  at  such  points  as  will  give  equal  maxima  on  the  potential 
curves.    This  may  be  accomplished  in  two  ways: 

1.  No  connection  to  rails  at  power  station,  and  distance  between 
feed  points  twice  the  distance  from  the  power  house  to  the  first 
point,  and  from  the  last  point  to  the  end  of  the  Une  (see  Fig.  85). 

2.  Connection  to  rails  at  power  house  with  the  distance  between 
feed  points,  and  from  the  power  station  to  the  first  feed  point  equal 
to  twice  the  distance  from  the  last  point  to  the  end  of  the  line 
(see  Fig.  86). 

I.  With  a  single  feeder  and  no  connection  at  power  house,  the 
feed  point  for  equal  maxima  will  be  at  the  center  of  the  line  (see 
Fig.  85),  the  potential  curve  being  made  up  of  the  upper  portions 
of  the  parabola  of  Case  I,  also  shown  in  Fig.  85. 

With  the  bus  bar  grounded  the  area  beneath  this  curve  is 

4  L  sSi  J 

With  two  feeders  the  feed  points  will  be  one-fourth  and  three- 
fourths  of  the  distance  from  the  power  house  and  the  area  will  be 

L  sSi  J 
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Pig.    86. — Potential   of  negative 


referred  to  bus  bar.  Case 


!gativ( 
VII. 


«  SfL 

Pig.  87. — Weight  of  copper  in 
negative  feeders. 


I       4 
With  n  feeders  the  feed  points  will  be  at  — 1  -^ 

2»     2» 


2n  —  I 
2n 


of  the  distance  from  the  power  house  to  the  end  of  the  line,  making 

2.  with  one  feeder  the  point  of  connection  to  the  rails  will  be  at 
»»£,  making  i  Fp/in 
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With  two  feeders  the  point  of  connection  will  be  at  /  =  hLj  and 
HiL,  making 

With  n  feeders  the  feed  points  will  be  at  i  » ,^  ^  L,  ' 


2»  +  I  2«  +  I 


2n 


2»  4- 1 


L,  making 


A^' 


Making  a  connection  to  the  bus  bar,  in  addition  to  using  feeders,  , 

has  the  effect  in  the  equation  A  —  — r  I  — =-  I  of  increasing  the 

niunber  by  H  a  feeder.    This  will  explain  the  pomts  as  the  curve 
in  Fig.  90  of  \h,  iVi  ,  2H  feeders,  etc. 
If  the  busl)ar  is  insulated,  the  equation  for  area  representing 

leakage  current  is  a  = ■==—  I  ^-r-  I 

12V3  fi*  LZ^iA 

Cross'sectian  of  Copper  ol  Power  Stalion.  ^  Fig.  87  gives  the 
cross-section  of  the  copper  at  the  powtr  station  in  the  several  cases, 
to  give  equal  weights  of  copper,  the  imit  of  weight  being  wSiL, 
or  a  weight  of  copper  of  length  L,  which  gives  a  conductivity  equal 
to  that  of  the  rails. 

Leakage  Current.  Fig.  88  gives  the  relative  leakage  currents 
for  the  several  cases  (in  which  the  bus  bar  is  grounded)  plotted  to 
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Fig.  88. — Relative  earth  current 
negative  bus  grounded. 


.  unit    r 

Fig.  89. — ^Relative  earth  current, 
negative  bua  insulated. 


amount  of  copper  used.  The  unit  of  leakage  current  is  taken  as  that 
which  occurs  on  a  line  without  negative  copper,  of  which  the  bus 
bar  is  grounded.  Fig.  89  gives  the  relative  leakage  currents 
with  the  bus  bar  insulated.  Fig.  90  gives  the  relative  leakage 
currents  for  Case  VII  with  bus  bar  insulated,  plotted  with  the 
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number  of  feeders  as  abscissas,  the  points  representing  half  feeders 
being  as  explained  above. 

Negative  Return  System  for  Network.  The  proper  negative 
return  system  for  a  network,  such  as  is  made  up  of  the  return  paths 
in  a  dty  system,  may  be  approximated  by  the  following  method: 
The  locations  of  the  points  at  which  the  load  currents  which  are 
assimied  to  return  to  the  power  station  are  determined.    The 
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Pig.  90. — Relative  earth  current,  negative  bus  insulated,  Case  VII. 

current  and  voltage  drop  in  each  branch  of  the  network  are  then 
calculated  and  the  probable  amount  of  auxiliary  conductor  is 
then  estimated  and  added  to  the  network.  The  values  of  current 
and  voltage  drop  in  each  branch  of  the  new  network  thus  found 
is  calcidated.  The  process  of  adjustment  and  calculation  is  con- 
tinued until  the  voltage  drops  are  reasonably  below  the  limit  placed 
for  good  operation,  energy  economy,  or  to  provide  against  elec- 
trolysis or  demanded  by  local  regulation. 


•  186  tL"^ 


MiynoMai -jfli 


*  S80,000  Olr.  MU  Oroat  Bends 


<  u  n.  X  16  ft.  > 


I 


<  16  ft.  5*  15  ft.  ^ 


4M,o»ab1SS. 


Pig.  9i« — Connections  between  rails  and  negative  feeders. 

Connections  from  Track  to  Overhead  Line. — The  conductor 
used  from  the  rail  to  manhole  or  foot  of  the  pole  is  bare,  weather- 
proof, or  rubber  covered  stranded  conductor,  with  or  without  lead 
sheath .  Where  the  rails  are  in  fairly  good  electrical  contact  with  the 
earth,  it  is  not  necessary  that  the  conductor  be  insulated.    Where  the 
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conductor  is  likely  to  be  disturbed  mectujiically,  it  may  be  encased 
in  pipe.  Fig.  gi  sliows  a  typical  scheme  of  connections  between 
rait  and  negative  feeders.  The  size  of  the  longitudinal  cables  will 
depend  upon  the  load  to  be  cared  for,  but  for  reliability  they  should  , 
be  divided  into  at  least  two  cables  per  track  as  shown.  The  number 
and  size  of  cross  bonds  vrill  also  depend  upon  the  load.  Thej 
should  be  spread  out  along  the  track  as  shown. 

Aluminum  Conductor  Compared  witii  D^ipei  Conductor.  Since 
aluminum  has  a  greater  temperature  coefficient  of  linear  expansion, 
its  use  demands  a  greater  height  or  greater  number  of  poles  or  toweis 

Based  on:    Conductivity  of  aluininnin  6i  pet 


Fig.  gi. — Compaiiaoa  of  costs,  copper  and  atununum  conductor. 

and  greater  spacing  of  conductors  to  prevent  the  conductors  from 
sagging  dangerously  low  or  swinging  too  near  together.  Since 
aluminum  weighs  less  it  will  not  require  such  heavy  supports  and 
will  cost  less  to  string,  but  because  it  is  softer  more  care  must  be 
taken  in  handling  it,  in  order  that  it  may  not  be  badly  scratched. 
Aluminum  wire  of  the  same  conductivity  will  gather  less  sleet  but 
presents  a  greater  surface  to  the  wind.  Due  to  its  greater  radius, 
leakage  from  it  is  less  and  the  skin  eSect  is  slightly  greater.  Because 
of  its  lower  melting  point,  there  is  greater  danger  from  arcing.  The 
initial  saving  (or  loss)  in  the  use  of  aluminum  conductor  oi  such  a 
size  as  to  have  a  conductivity  equal  to  that  of  the  copper  wire 
which  would  be  required,  may  be  rapidly  approiimated  by  the  use 
of  Fig.  93.  The  figure  is  manipulated  as  follows  for  the  example 
shown:  From  the  is-cent  point  on  the  "Cost  of  Copper"  scale 
follow  the  vertical  to  its  intersection  with  the  diagonal.    PoUair 
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t:he  horizontal  through  this  point  to  its  intersection  with  the  *'  Cost 
of  Aluminum"  scale.  Follow  the  oblique  through  this  point  to  its 
intersection  with  the  horizontal  through  the  29-cent  point  and  from 
-tliis  intersection  follow  the  vertical  down  to  the  "  Saving  by  the  use 
of  aluminum"  scale.  Here  it  is  found  thsit,  for  the  example  showtt, 
-the  first  cost  of  the  aluminum  is  3.7  per  cent,  less  than  the  first  cost 
of  the  necessary  copper  would  have  been. 

RESISTANCE  AND  WEIGHT  PER  Thousand  Fcet  OF  Bare  Solid 

Copper  Wire 

For  one  conductor  at  20°  C.  (68®  F.).    [See  footnote] 


Diameter, 
mils 

• 

Circular 
mils 

Copper 

A.W.G. 
[B.  &  S.] 

Lb.  per 
1000  ft. 

Annealed 

Hard  drawn 

Ohms  per 
1000  it. 

Ohms  per 
1000  ft. 

500,000 

1514.0 

0.02074 

0.02593 

0.03457 
0.04148 
0.04901 

0.02130 

0.02663 
0.03550 
0.04260 
0.05033 

400,000 
300,000 
250,000 
211,600 

1211.0 
908.1 
756.8 
640.5 

0000 

460.0 

060 

00 

0 

I 

409.6 
364.8 
324.9 
289.3 

167,800 

133,100 

los.soo 

83,690 

S07.9 
402.8 

319. 5 
253.3 

0.06180 

0.07793 
0.09827 

0.1239 

0.06347 
0.08003 
0.10009 
0.1272 

2 
3 
4 
5 

2S7.6 

239.  4 

204.3 
181. 9 

66,370 
52,640 
41.740 
33,100 

200.9 
159.3 
126.4 
100.2 

0.1563 
0.1970 
0.2485 

0.3133 

0.1605 
0.2023 
0.2553 
0.32x8 

6 

7 
8 

9 

162.0 

144.3 
138.5 

114-4 

26,250 
20,820 
16,510 
13.090 

79.46 
63.02 
49.98 
39.63 

0.3951 
0.4982 
0.6282 
0.7921 

0.4058 
0.5116 
0.6452 
0.8135 

10 
II 

13 

101.9 

90.74 
80. 8x 

10,380 

8,234 
6,530 

31.43 
24.92 

19.77 

0.9989 

1.260 

1.588 

1.026 

1.294 
1. 631 

13 
14 

71.96 
64.08 

S.178 
4,107 

15.68 
12.43 

2.003 
2.52s 

2.057 
2.593 

Note:  Values  in  this  table  are  based  on  Circular  No.  31  of  U.  S.  Bureau 
of  Standards,  19 14.  Resistance  in  ohms  per  mil  foot  as  follows:  Annealed 
copper,  10.371;  hard  drawn  copper  10.651 ;  hard  drawn  aluminum  17.01. 
Stranded  conductor  values  are  for  lay  of  i  in  15.7.  For  any  other  lay, 
equal  to  x  in  »»  resistance  or  weight  may  be  calculated  by  increasing  the 

above  tabulated  values  by  (•\'  ■  *"  *  )  pcr  cent. 
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Resistance  and  Weight  per  Thousand  Feet  op  Bare 
Stranded  Copper  and  Aluminum  Conductor 

For  one  conductor  at  20®  C.  (68°  F.)    [See  footnote,  page  753] 


A.  W.  G. 

[B.  &  S.] 


Circulax 
mils 


Copper 


Lb.  per 
1000  ft. 


Annealed 


Ohms  per 
1000  ft. 


Hard 
drawn 


Ohms  per 
1000  ft. 


Aluminum 


Hard  drawn 


Lb.  per 
1000  ft. 


Ohmsper 
1000  tt. 


0000 

000 

00 

o 

I 

2 
3 
4 
5 

6 

7 
8 


2,000,000 
1,900,000 
X, 800,000 
1,700,000 

1,600,000 

I>500,000 

1,400,000 
1,300,000 

1,200,000 

1.100,000 

1,000,000 

900,000 

800,000 
700,000 
600,000 
500,000 

400.000 
300,000 
250,000 
212,000 

168,000 

I33>ooo 

106.000 

83.700 

66,400 
52,600 
41.700 

33,100 

26,300 
20,800 
16,500 


6180. 
5870. 
5560. 
5350. 

4940. 
4630. 
4320. 
4010. 

3710. 
3400. 
3090. 
2780. 

2470. 
2160. 
1850. 
1540. 

1240. 
026. 
772. 
653. 

518.  ' 
411. 
326. 
258. 

205. 
163. 
129. 
102. 

81.0 

64.3 
51. o 


0.00529 

0.005S7 
0.00588 
0.00622 

0.00661 
0.00705 
0.00756 
0.008x4 

0.00882 
0.00962 
0.0x06 
0.0x18 

0.0132 
0.0151 
0.0176 
0.0212 

0.0265 

0.0353 
0.0423 

0.0499 

0.0630 

0.0795 
0.0908 
0.126 

0.159 
0.201 
0.254 
0.320 

0.402 
0.509 
0.641 


o . 00543 
0.00572 
0.00604 
0.00639 

0.00679 
0.00724 
0.00776 
0.00836 

o . 00905 
0.00988 

0.0109 
0.0x21 

0.0136 

0.0155 
0.0I8I 
0.0218 

0.0272 
0.0362 

0.0435 
0.0513 

0.0647 
0.0817 
0.103 
0.130 

O.X64 

0.207 
0.26X 
0.328 

0.413 

0.522 
0.658 


1880. 

1780. 
1690. 

1590. 

1500. 
I4IO. 
I3I0. 

1220. 

II20. 
1030." 

937. 

84s. 

750. 
656. 
562. 
468. 

375. 
281. 

234. 
198. 

157. 

125. 
99.0 
78. 5 

62.2 

49.3 
39.2 
31.0 

24.6 
19. 5 
15. 5 


0.00868 
0.00913 
0.00965 
0.01021 

0.0x08 
0.0x16 
0.0x24 
0.0x34 

0.0145 
o.  0158 
0.0174 
0.0193 

0.0217 
o . 0248 
0.0289 

0.0347 

0.0434 
0.0578 

0.069s 
0.0818 

0.X03 
0.X30 
0.X65 
0.207 

0.262 
0.330 
0.41S 
0.525 

0.660 

0.83s 
1.05 
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Resistance  and  Weight  per  Mile  of  Bare  Solid  Copper 

Wire 


For  one  conductor  at  20®  C.  (68* 

'  F.).    [See  footnote, 

page  7S3l 

Diameter, 
mils 

Circular 
mils 

Copper 

A.  W.  G. 
(B.  A  S.) 

Lb.  per 
mile 

Annealed 

Hard  drawn 

Ohms  ■  per 
mile 

Ohms  per 
mile 

500.000 

400.000 
300.000 
350.000 
311,600 

167.800 

133.100 

105.500 

83.690 

66,370 
52,640 
41.740 
33.100 

36,350 

30,830 

16,510 
13.090 

10,380 

8,334 
6,530 

S.178 
4.107 

7994. 

6394. 
4795. 
3996. 
3383. 

3683. 
3127. 
1687. 
1337. 

1061. 
841. 1 
667.4 
529.0 

419.5 
332.7 
363.9 
309.3 

165.9 
131.6 

104.4 

83.79 
65.63 

0.1095 

0.1369 
0.1825 
0.2190 
0.3587 

0.3360 
0.4115 
0.5189 
0.6543 

0.8353 
1.040 
1.313 
1.654 

3.086 
3.630 

3.317 
4.183 

^.374 
6.653 
8.385 

10.58 
13.33 

0.1135 

0.1406 
0.1874 
0.3249 

0.3657 

0.3351 
0.4227 
0.5280 
0.6716 

0.8474 
1.068 

1.347 
1.699 

2.143 
2.701 
3.406 
4.295 

5. 417 
6.832 
8.612 

10.86 
13.69 

OOOO 

000 

00 
0 

1 

3 
3 
4 
5 

6 

7 
8 

9 

10 
II 

13 

13 

14 

460.0 

409.6 
364.8 
334.9 
389.3 

357.6 
229.4 
204.3 
181. 9 

163.0 
144.3 
138.5 
114. 4 

101.9 
90.74 
80.81 

71.96 
64.08 
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Resistance  and  Weight  per  Mile  of  Bake  Stranded  Coppek 

AND  Aluminum  Conductor 

For  one  conductor  at  20®  C.  (68®  F.).    [See  footnote,  page  753] 


A.  W.  G. 
(B.  A  S.> 


Circular 
mils 


Copper 


Lbl  per 
■  mile 


Annealed 


Ohms  x>er 
mile 


Hard 
drawn 


Ohms  per 
mile 


Aluminum 


Hard  drawn 


Lb.  per 
mile 


Ohms  per 
mile 


oooo 

000 

00 

0 

X 

2 
3 
4 
5 

6 

7 
8 


3.000.000 
1,900.000 
1.800.000 
1.700,000 

33,600 
31,000 
39,400 
37,700 

1.600.000 
I.SOO.OOO 

1,400.000 
1.300,000 

36,XOO 

34,400  - 
33,800 

3X,300 

I.300.OO0 
1,100,000 

X. 000.000 

900,000 

19.600 

X  7.900 

16,300 

i4;7oo 

800,000 
700,000 
600,000 
500,000 

X3,000 

XX, 400 

9.770 

8,X30 

400,000 
300,000 
350,000 
3X3,000 

6,5So 
4.890 
4,080 
3.4SO 

168.000 

X  33.000 
X  06.000 

83.700 

a,74o 
3,170 

1,730 

1,360 

66.400 
53.600 
41.700 
33.100 

1,080 
86  X 
68  X 
539 

36,300 
30,800 
16,500 

438 

339 
369 

0.0379 
0.0394 

0.03x0 
0.0338 

0.0349 
0.0373 

0.0399 
0.0430 

0.0466 
0.0507 
0 . 0560 
0.0633 

0.0697 
0.0797 
0.0939 

0.XX3 
O.X4O 

0.x86 

0.333 
0.363 

0.333 
0.430 

0.527 
0.665 

0.840 
1. 06 

X.34 

1.69 

3.X3 
3.69 
3.38 


0.0387 
0.0303 

0.03x9 
0.0337 

9930. 
9400. 
8930. 
8400. 

0.0359 
0.0383 
0.04x0 
0.0441 

7920. 
7450. 
6920. 
6440. 

0.0478 
0.0533 
0.0576 
0.0639 

5910. 
5440. 
4950. 
4460. 

0.07x8 
0.08x8 
0.0956 
0.XX5 

3960. 
3460. 
3970. 
2470. 

0.144 
0.X91 
0.330 
0.371 

1980. 
1480. 
X340. 
X050. 

0.342 
0.431 

o!686 

839. 
660. 
523. 

415. 

0.866 

x.09 
1.38 

1.73 

328. 
360. 
307. 
X64. 

3.18 
3.76 
3.47 

X30. 
X03. 
8X.8 

0.0458 
0.0483 
0.0509 

0.0539 

0.0570 
0.0612 

0.0655 
0.0708 

0.0766 
0.0834 
0.0919 

0.X03 

0.1x5 
0.X3X 

0.IS3 
0.183 

0.339 
0.305 
0.367 
0.432 

O.S44 
0.686 

0.87X 

x.09 

X.38 

1-74 
3.19 
3.77 

3.48 
4.41 

5-54 
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Approximate  Weight  of  Weatherproof  Copper  Conductor 

(American  Steel  &  Wire  Co.) 


Size. 

Dianu 
bare 
conductor, 
mils 

Double  braid 

Triple  braid 

A.  W.  G. 
(B.  &  S.) 

Lb.  per 
1 000  ft. 

Lb.  per 
mue 

Lb.  per 
1000  ft. 

Lb.  per 

mue 

Solid  Conductor 

oooo 

ooo 

oo 

0 

1 

2 
3 
4 

5 

6 
8 
9 

10 
12 

14 

460.0 
409.6 
364.8 
335.0 

389.3 
357.6 

339.4 
•204.3 

181.9 
162.0 
128.5 

114.4 

101.9 
80.8 
64.1 

733 

467 
377 

394 
339 
185 
151 

122 

100 

66 

54 

46 
30 
20 

3817 
3098 
3467 
1989 

1553 
1364 

977 
795 

'  646 
539 
349 
383 

341 
158 
107 

767 
629 
502 
407 

260 

199 
164 

135 
112 

75 
62 

53 
35 
35 

4.050 
3.330 
3,650 
3,150 

1.670 

1.370 

i.oso 

865 

710 
590 

395 
335 

380 
185 
130 

Cir.  mils 

Stranded  Conductor 

2,000.000 
1.750,000 
1,500,000 
1,250,000 

1. 000.000 
900,000 
800.000 
750,000 

700,000 
600,000 
500,000 
450.000 

400,000 
350,000 
300,000 
250,000 

oooo 

000 

00 

0 

I 

2 
3 
4 

5 

6 
8 

1.6302 
1.5346 
1.4134 
1 . 2892 

1.1520 
1.0935 
1 . 0305 
0.9981 

0.9639 
0.8928 
0.8134 
0.7721 

0.7280 
0.6811 
0.6285 

0.5735 

0.5375 
0.4700 

0.4134 
0.3684 

0.3379 
0.2919 
0.2601 
0..23X6 

0.2061 
0.1836 
0.1455 

6,690 

5.894 
5.098 
4,264 

3.456 
3.127 
2.799 
3,63s 

3,471 
3,093 
1.765 
1,601 

1,436 

1.348 

1.083 

907 

604 
483 
388 

303 

246 
190 
155 

126 
103 

68 

35.333 
31. 119 
36,915 
32.516 

18,246 
16,513 
14.779 
13.913 

13.046 

11.052 

9.318 

8,453 

7.584 
6,589 
5.731 
4.788 

3.935 
3.190 
3.544  ■ 
3,051 

1.599 

1.301 

1,004 

830 

668 

544 
359 

7.008 

6,193 
5.380 
4.508 

3.674 
3.333 
2,993 
3,822 

2.650 
3,335 
1,894 
1.734 

1.553 

1.345 

1,174 

985 

800 

653 
S?3 

434 

328 
270 
206 
170 

140 

115 

78 

37.QOO 
33,700 
28,400 
23.800 

19,400 
17,600 
15.800 
14.900 

14.000 

11,800 

10,000 

9,100 

8,200 
7.100 
6.200 
5,aoo 

4.330 
3.450 
2,760 
2,240 

1.735 

1.435 

1.090 

900 

740 
610 
410 
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ELECTRIC  RAILWAY  HANDBOOK 


Allowable  Current-carryino  Capacity  of 
Wires  and  Cables 

National  Board  of  Fire  Underwriters — 191 3 


Size  A.W.G.  (B.  &  S.) 
circular  mils. 

Rubber  insulation, 
amperes 

Other  insulations, 
amperes 

18 
16 
14 

13 

3 
6 

IS 

30 

5 

10 
30 

25 

10 

8 
6 
5 

.     as 
35 
50 
55 

30 

so 
70 
80 

4 
3 

3 
I 

70 

80 

90 

100 

90 
100 

125 
ISO 

0 

00 

000 

0000 

125 

ISO 
I7S 
335 

200 

235 

275 

32s 

300,000 
300,000 
400,000 
500,000 

300 

27s 
325 
400 

300 

400 

500 

600 

600,000 
700,000 
800,000 
900,000 

450 
500 

550 
600 

680 
760 
840 
920 

1,000,000 

1,100  Odo 
1.300,000 
1,300,000 

650 
690 
730 
770 

1,000 
1,080 
I.ISO 

1,330 

X. 400,000 
1,500,000 
z, 600, 000 
1,700,000 

810 
850 
890 
930 

1.390 
1,360 
1.430 
1.490 

1.800,000 
1,900,000 
3,000.000 

970 
1,0x0 
x.oso 

I.SSO 
1,610 
1,670 

J 


ICE  AND  WIND  LOADS 
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Loading  op  Bare  Stranded  Copper  Cable  Alone,  with  Ice 
Coat,  and  with  Ice  Coat  and  Wind 


Strands  of 
conductor 

Di- 
ameter 
of  cable 
overall. 

Loading  per  lineal  ft. 

Cir.  mils 

Num- 
ber 

Di- 
ameter, 

Cable 
alone. 

Cable 

with 

Hin. 

ice  coat, 

Wind 
at  8  lb. 

p& 
sq.  ft.. 

Resultant 
cable  ice, 
and  wind 

In. 

In. 

Lb. 

Lb. 

Lb. 

Lb. 

2.000,000 
1,750,000 
1.500,000 
1,250,000 

1,000,000 
950,000 
900.000 
850,000 

800.000 

750.000 

700,000 

,    650,000 

(00.000 
55Q.OOO 
500,000 

450,000 
400,000 
350,000 

300,000 
250,000 
211,600 

91 
91 
91 
91 

61 
61 
61 
61 

61 
61 
61 
61 

.61 
37 
37 

37 
37 
37 

19 
19 
19 

0.1482 

0.1387 
0.1284 
0.1172 

0.1280 
0.1248 
0.1215 
0.1181 

0.1 145 
0.1109 
0.1071 
0.1032 

0.0992 
0.1219 
0.1162 

0.1103 
0.1040 

0.0973 

0.1256 

0.1147 
0.1055 

1.630 
1.526- 
1. 412 
1.289 

1. 152 

1. 123 

1.094 
1.063 

1. 031 
0.998 
0.964 
0.929 

0.893 
0.853 
0.813 

0.772 
0.728 
0.668 

0.629 

0.574 
0.528 

6.180 

S.404 
4.630 
3.868 

3.090 
2.935 
2.780 
2.625 

2.470 

2.315 
2.160 
2.005 

1.850 
1.693 
1.540 

1.387 
1.240 
1.083 

0.926 
0.772 
0.653 

7.518 
6.677 
5. 831 
4.992 

4.128 

3.955 
3.782 

3.607 

3.432 
3.257 
3.080 
2.903 

2.725 
2.543 
2.369 

2.187 
2. on 
1.824 

1.635 
'  1.446 

1.299 

1.729 
I.6S9 
1.584 
1. 510 

1.425 
1.406 
1.386 
1.365 

1.344 
1.322 

J.  297 
1.276 

1.252 
1.226 
1. 201 

1. 175 
1. 153 
-1. 119 

1.086 

1.049 
1. 018 

7.719 
6.885 
6.048 
5.220 

4.370 
4.200 
4  030 
3.860 

3.688 
3.518 
3.346 
3.174 

3.003 
2.827 
2.659 

2.48s 
2.318 
2.140 

1.963 
1.786 
1.630 

X 
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ELECTRIC-  RAILWAY  HANDBOOK 


Loading  of  Triple  Braid  Weatherproof  Stranded  Copfek 
Cable  Alone,  with  Ice  Coat  and  with  Ice  Coat  and  Wind 


Strands  of 
conductor 

Diameter 

of  cable 

overall 

Loading  per  lineal  foot 

Cir.  mils 

Num- 
ber 

Diam- 
eter 

Cable 
alone 

Cable. 

withi 

in.  ice 

coat 

Wind 

at  8  lb. 

per 

sq.  ft. 

Resultant 
,  cable, 
ice,  and 
wind 

In. 

In. 

Lb. 

Lb. 

Lb. 

Lb. 

2,000,000 
1,750,000 

X, 500,000 
1,250.000 

1,000,000 
950,000 
900.000 
850,000 

800,000 
750,000 
700^00 
650,000 

600.000 
550.000 
500,000 

450,000 
400,000 
350 />oo 

300,000 
250,000 
2ix,6oo 

91 
91 
91 
91 

6x 
61 
61 
61 

61 

61 
61 
61 

61 
37 
37 

37 
37 
37 

19 
19 
19 

0.1482 

0.1387 
0.X284 
0.1172 

0.1280 
0.1248 
0.1215 
0.1x81 

0.II4S 
0.X109 

0.X071 
0.1032 

0.0992 
0.1219 
0.XX62 

0.1 103 
0.1040 
0.0973 

O.X256 
0.1x47 
0.X05S 

2.000 
1.906 
X.781 
1.656 

1.531 
1.468 

1.437 
1.406 

1.375 
1.343 
1. 312 
1.250 

1.234 
1.156 
1. 108 

1.062 

1. 031 
0«968 

O.92X 

0.87s 
0.8x2 

7.008 

6.193 
5.380 
4.508 

3.674 
3.503 
3.332 
3.162 

3.993 
3.822 
3.650 
2.443 

2.23s 
2.064 

1.894 

1.724 
1.553 
1.345 

X.174 
0.985 
0.800 

8.579 
7.705 
6.8x3 
5.863 

4.950 
4-745 
4.549 
4.360 

4.170 
3.977 
3.789 
3.543 

3.325 
3.10s 
2.908 

2.705 
2.515 
2.267 

2.067 

1-849 
1.624 

2.000 
1-937 
x.858 

1.771 

1.687 
1.64s 
1.625 
1.604 

1.583 
1.562 

1. 541 
1.500 

1.489 
1.437 
1.40s 

1.375 
1.354 
1. 312 

1. 281 
1.250 
1.208 

8.809 
7-945 
7.064 
6.124 

5- 230 
4.922 
4.831 
4.64s 

4.461 
4.272 
4.090 
3.847 

3-556 
3-42X 
3.330 

3.03s 
2.856 
2.620 

a. 431 
2.232 
2.024 

ICE  AND  WIND  LOADS 
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Loading  of  Bare  Stranded  Aluminum  Cable  Alone, 
WITH  Ice  Coat  and  with  Ice  Coat  and  Wind 


Num- 
ber 
of 

strands 

Diameter 

of  cable 

overall 

Loading  per  lineal  foot 

Cir.  mils 

Cable 
alone 

Cable, 

with  yi 

in.  ice 

coat 

Wind  at 

8  lb.  pet 

sq.  ft. 

Resultant 
cable, 
ice,  and 
wind 

In. 

Lb.     , 

Lb. 

Lb. 

Lb. 

1.590,000 
I.575.SOO 
1,431.000 
1.351.S00 

1.272.000 
1,192.500 

I,IZ3,OQO 

1.033.500 

954.000 
874.500 
795,000 

715,500 
636,000 
556,500 

477,000 
397.500 
336,420 

61 
61 
61 
61 

61 
37 
37 
37 

37 
37 

37 

37 
37 
19 

19 

19 

7 

1.438 
1.406 

1. 359 
1.328 

1. 281 
1.250 
1.203 
1. 156 

1. 109 
1.063 
1. 016  ■ 

0.969 
0.906 

0.859 

0.781 

0.719- 
0.656 

1.462 
1.393 
1.317 
1.343 

1.171 
1.098 
1.025 
0.9S0 

•  0.877 
0.805 
0.733 

0.658 
0.585 
0.513 

0.439 
0.365 
0.310 

2.679 
2.591 
2.485 
3.393 

3.290 
3.195 
3.095 
1.990 

1.888 

1.787 
1.684 

1.587 
1.469 
1.366 

1.244 
1. 131 
1.037 

1.625 
1.604 
1.573 
1.553 

1.531 
1.50b 
1.469 
1.438 

1.406 
1. 375 
1.344 

1.313 
1.271 
1.240 

t.i88 
1. 146 
Z.104 

3.133 
3.047 
3.941 
2.85Z 

2.749 
2.658 

3.559 
3.455 

3.354 

'  3.355 

2.15s 

2.060 
1.943 
1.845 

1.730 
1. 610 
1.S15 
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ELECTRIC  RAILWAY  HANDBOOK 


Loading  of  Triple  Braid  Weatherproof  Stranded  Aluminum 

Cable  Alone,  with  Ice  Coat  and  with 

Ice  Coat  and  Wind 


Number 
of  strands 

Diameter 

of  cable 

overall 

Loading  per  lineal  foot 

Cir.  mils 

Cable 
alone 

Cable 

withW 

m.  ice 

coat 

Wind  at 

8  lb.  per 

sq.  ft. 

Resultant 

cable, 

ice   and 

wind 

-V 

In. 

Lb. 

Lb. 

Lb. 

Lb. 

1,590.000 
1,515.500 
1,431,000 
1,351.500 

1.272,000 
1.192,500 
1,113,000 
1.033.500 

954.000 
874.500 
795.000 

715.500 
636,000 
556.500 

477.000 
397.500 
336.420 

61 
61 
61 
61 

61 

37 
37 
37 

37 
37 
37 

37 

37       . 
19 

19 
19 

7 

1.875 
1.813 
1.781 
1.750 

1.719  ' 
1.688 

z.563 
1.531 

1.500 

1.469 
1.438 

1.344 
1.250 
1. 188 

1.031 
1.000 
0.938 

3.070 
1.977 
1.877 
1.779 

1.683 
1.586 
1.489 
1.390 

Z.393 
1.197 
1. 100 

0.994 
0.886 
0.773 

0.657 
0.544 
0.460 

3.563 
3.430 
3.310 
3.193 

3.077 
3.961 

3.785 
3.666 

3.550 

3.434 
2.317 

3.153 

1:983 
1.833 

1.615 
1.487 
1.363 

1.917 
1.875 
1.854 
1.833 

1. 813 
1.793 
1.708 
1.688 

1.667 
1.646 
Z.625 

1.563 
z.500 
Z.458 

Z.3S4 
Z.333 
Z.298 

4.04s 
3.909 
3.794 
3.680 

3.571 
3.461 
3.367 
3.15s 

3.047 
2.938 
2.749 

2.660 
2.486 

2.341 

2.107 
1.997 
z.882 

Minlmtun  Sags  Allowable  for  Bare  Condttctor  (A.E.R.E.A. 
Recommended  Specification).  In  the  tables,  pages  763  to  765,  are 
given  the  sags  at  which  bare  conductors  should  be  strung  in  order 
that,  when  loaded  with  the  specified  requirement  of  H  in.  of  ice  and  a 
wind  load  of  8.0  lb.  per  square  foot  of  projected  area  at  o  deg. 
F.,  the  tension  in  the  conductor  will  not  exceed  the  allowable  value 
of  the  ultimate  strength  of  the  conductor.  The  sags  given  for  120 
deg.  F.  are  greater  in  every  case  than  the  vertical  component  of  the 
sags  at  o  deg.  F.  under  the  maximum  wind  and  ice  load.  The 
physical  constants  of  the  conductor  used  are  as  follows: 

Modulus  of  elasticity 

Copper,  hard  drawn,  solid  or  stranded 16,000,000 

Copper,  soft  drawn,  solid 12,000.000 

Aluminum,  hard  drawn 9,000,000 

Temperature  coefficient 

Copper o. 0000096 

Aluminum o. 0000128 


SAG  TABLES 
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MmniuM  Sags  for  Stranded  Hard-drawn  Bare  Copper 

Wire 


Temp, 
fahr. 

^ 

Span,  feet 

Size. 
A.W.G. 
(B.ftS.) 

100 

or  less 

"5 

ISO 

200 

350 

300 

400 

500 

600 

Sags 

In. 

In. 

In. 

In. 

In. 

In. 

Pt. 

Pt. 

Pt. 

oooo 

30 

2 

3 

5 

8 

13 

20. 

3.5 

6. 

10. 

0 

ao 

2 

3 

4 
4 

1 

9 

10 

\t 

22. 

24. 

35 

4. 

6.5 
7. 

10.5 
II. 5 

2S 

3 

4 

6 

II 

18 

27. 

4.5 

8. 

13. 

3 

5 

7 

13 

20 

31. 

5. 

8.5 

13. 

80 

4 

6 

8 

IS 

24 

35> 

S.5 

9. 

13.5 

lOO 

4 

7 

10 

17 

37 

40. 

6. 

10. 

14. 5 

lao 

5 

8 

12 

20 

31 

46. 

7. 

10.5 

15. 

ooo 

20 

2 

3 

5 

8 

13 

21. 

4. 

7. 

13. 

0 

2 

4 

5 

9 

IS 

23. 

4. 

1'^ 

12.5 

20  • 

3 

4 

6 

10 

17 

2S. 

4.5 

8.5 

IS. 5 

il 

3 

4 

6 

12 

19 

29. 

1: 

9. 

14. 

3 

5 

7 

13 

22 

33. 

9.5 

15. 

8o 

4 

6 

8 

IS 

3S 

38. 

6.5 

10.5 

IS. 5 

lOO 

4 

7 

10 

i8 

39 

43. 

7. 

II. 

16. 

• 

I20 

5 

8 

12 

21 

34 

49. 

7.5 

12. 

17. 

00 

30 

2 

3 

5 

9 

It 

23. 

4.5 

9. 

IS. 

0 

2 

4 

5 

10 

26. 

5. 

9.5 

15.5 

20 

3 

4 

6 

II 

18 

29. 

55 

10. 

16. 

40 

3 

4 

7 

12 

21 

33. 

6. 

II. 

17. 

6o 

3 

5 

7 

\t 

24 

37. 

6.5 

II. 5 

17.5 

8o 

4 

6 

9 

28 

43- 

7. 

12. 

18. 

100 

5 

7 

10 

19 

3a 

48. 

8. 

13.5 

18.5 

120 

6 

9 

12 

23 

37 

S4. 

8.5 

13.5 

19.5 

0 

— 20 

3 

3 

5 

9 

16 

2.S 

5.5 

II. 5 

18.5 

0 

2 

4 

5 

10 

18 

2.5 

6.5 

12. 

19. 

20 

3 

4 

6 

II 

21 

3. 

7. 

12.5 

19.5 

40 

3 

5 

7 

13 

24 

3-5 

7.5 

13. 

so. 

6o 

3 

5 

8 

IS 

27 

4. 

8. 

14. 

30.5 

80 

4 

6 

9 

l8 

32 

4.5 

8.5 

14.5 

31.5 

100 

5 

7 

II 

21 

37 

5- 

9. 

15. 

32. 

120 

6 

9 

13 

3S 

42 

5- 

9.5 

15.5 

22.5 
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ELECTRIC  RAILWAY  HANDBOOK 


Minimum  Saos  for  Hard-drawn  Bare  Copper  Wire 


Siie. 
A.W.G. 
(B.ftS.) 


Span,  feet 

lOO 

or  less 

12S 

ISO 

200 

250 

300 

4O0 

Soo 

600 

Sags 

- 

In. 


In. 


In. 


In. 


In. 


Pt. 


Ft. 


Pt. 


Pt. 


2       — 


3        — 


— 20 

2 

4 

5 

zo. 

19. 

3. 

8. 

0 

3 

4 

6 

zz. 

22. 

3.5 

8.5 

20 

3 

4 

6 

13. 

25. 

4. 

9. 

^ 

3 

5 

7 

IS. 

30. 

45 

9.5 

4 

6 

8 

18. 

34. 

5. 

zo. 

80 

4 

7 

zo 

21. 

39. 

5.5 

Z0.5 

100 

5 

8 

12 

25. 

44. 

6. 

zz. 

120 

6 

10 

x6 

30. 

49. 

6. 

zz.5 

20 

2 

4 

5 

12. 

25. 

4- 

Z0.5 

0 

3 

4 

6 

\t: 

29. 

45 

zz. 

20 

3 

5 

7 

33. 

5. 

zz.s 

ts 

3 

5 

8 

19. 

39. 

5.5 

Z2. 

4 

6 

zo 

23. 

43. 

6. 

Z2.5 

80 

4 

7 

Z2 

27. 

48. 

6.5 

13. 

100 

5 

9 

14 

31. 

53. 

7. 

13. 

Z20 

7 

xz 

z8 

35. 

5«. 

7.5 

13. 5 

20 

3 

4 

6 

17. 

3. 

6. 

14. 

0 

3 

4 

7 

20. 

3.5 

6.5 

14. S 

20 

3 

5 

8 

23. 

4. 

7. 

IS. 

40 
60 

3 

6 

zo 

27. 

4.$ 

7.5 

IS. 

4 

7 

Z2 

30. 

5. 

8. 

IS. 5 

80 

5 

9 

14 

35. 

5.5 

8.5 

z6. 

100 

6 

ZI 

17 

39. 

55 

8.5 

Z6.5 

120 

8 

14 

22 

44. 

6. 

9. 

16.5 

20 

3 

4 

8 

25. 

5. 

9. 

z8. 

0 

3 

5 

9 

29. 

5-5 

9. 

Z8.5 

20 

3 

6 

zz 

33. 

6. 

9.5 

19. 

tl 

4 

7 

^ 

38. 

6.5 

zo. 

19. 

4 

9 

x6 

42. 

6.5 

zo. 

19.5 

80 

5 

II 

19 

46. 

7. 

Z0.5 

19.5 

100 

7 

13 

23 

50. 

7.5 

zz. 

20. 

120 

9 

z6 

27 

54. 

7.5 

ZI. 

20.5 

20 

3 

8 

22 

5.5 

zo. 

IS. 

30. 

0 

4 

zo 

26 

6. 

zo. 

15. 

30. 

20 

5 

'5 

30 

6. 

Z0.5 

IS. 5 

30.5 

^ 

6 

z6 

33 

6. 

Z0.5 

15.5 

30.5 

8 

19 

36 

6.5 

zz. 

z6. 

31. 

80 

zo 

22 

39 

6.5 

zz 

16. 

31. 

100 

13 

25 

41 

7. 

ZI.5 

Z6.5 

31. 

120 

16 

28 

44 

7. 

zz.5 

Z6.5 

31.5 

Z4.5 

IS. 

16. 
16. 
17. 
17. 
18. 
18. 

Z8.5 
19. 
19. s 

20. 
20.5 

21. 

21. S 
22. 

24. 

24.5 

25. 

25. 

25.5 

26. 

26. 

26.5 

31. 
31.5 
31.5 
32. 

32.5 
32.5 
32.5 

33. 


23- 
23.5 

24- 

24. 5 

25- 
25. 5 

26. 
26.5 

29. 
29. 5 
30. 
30. 5 
31. 
31. 
31.5 
32. 

37.5 

37.5 

38. 

38. 

3«.S 

39. 

39. 

39-5 


46. 
46. 

46. 
46. 

47. 
47. 
47. 
48. 


SAG  TABLES 
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Minimum  Sags  for  Stranded  Bare  Aluminum  Wire 


Temp. 

Span,  feet 

Sise. 
A.W.G. 
(B.ftS.) 

80 
or  less 

100 

125 

150 

200 

250 

300 

400 

500 

600 

fahr. 

Sags  . 

In. 

In. 

In. 

In. 

In. 

Pt. 

Ft. 

Pt. 

Pt. 

Pt. 

oooo 

20 

I 
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3 
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0 
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8 

21. 
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20.5 

30. 

40 
60 

2 

t 

7 

II 
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13. 

21. 
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t 

II 

17 

34. 

5. 
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X3.5 

21.5 

31.5 
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10 

z6 

22 

41. 

5-5 

8. 

14. 

22. 

32, 

• 

100 

IC 

14 

20 

27 

46. 

6. 
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14.5 

22.5 

33. 

X20 

13 

18 

25 

32 

52. 
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9. 
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23. 

33. S 

ooo 

20 

I 

2. 
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12. 

3. 
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13. 

22. 
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0 
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2 

3 

5 
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4- 

7. 

14. 
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34.5 

^ 

2 
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23.5 
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3 

5 
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80 

6 
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23 
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6. 
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15. 5 

24.5 
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ICO 

xc 

13 

20 

29 

49. 
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9. 

16. 

25. 
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120 

Z3 

17 

25 

33 
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7. 

9.5 

16.5 

25.5 
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00 

20 

I 
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3 
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2. 
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2 
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• 
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6. 
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95 
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21 
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7. 

II. 
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45. 

120 

17 

24 

36 

49 

7. 

II. 

16. 

28.5 

45. 
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Preservative  Treatment  of  Poles,  Cross-arms  and  Ties 

The  following  notes  on  wood  preservation  are  from  the  Manual 
of  the  American  Railway  Engineering  Association  and  the  National 
Electric  Light  Association's  Handbook  on  Overhead  Line  Con- 
struction, in  which  the  bulletins  of.  the  Forest  Service  of  the  U.  S. 
Department  of  Agriculture  are  freely  quoted. 

Seasoning.  Various  precautions  to  be  observed  in  the  seasoning, 
of  pole  and  cross-arm  timber  may  be  simmiarized  as  follows:  i. 
Poles  should  be  cut  from  sound  standing  timber.  2.  The  bark 
should  be  well  peeled  from  poles  which  are  to  be  seasoned,  and 
particularly  from  those  that  are  to  be  treated,  as  the  inner  bark 
offers  much  resistance  to  the  impregnating  fluid,  and  in  time  this 
bark  peels,  leaving  the  untreated  wood  exposed  to  the  attack  of 
fungi.  3.  Care  should  be  taken  in  the  handling  and  felling  of 
trees,  as  those  which  are  split  in  felling,  or  are  otherwise  roughly- 
handled,  may  afterward  experience  serious  checking.  4.  As  soon 
after  cutting  as  possible,  poles  and  cross-arms  should  be  properly 
piled  and  stored,  to  allow  free  circulation  of  air.  5.  The 
amount  of  shrinkage  during  seasoning  is  negligible.  6.  Poles  cut 
in  the  winter  or  spring  have  before  them  the  best  period  for  sea- 
soning, but  late  fall  and  winter  offer  the  best  conditions  for  cutting. 
7.  Attention  should  be  paid  to  the  value  of  having  wood  seasoned 
where  cut,  as  a  material  freight-saving  may  often  be  made  in  this 
way. 

wood  Preservation.  The  growing  scarcity  of  timber  has  led 
many  of  the  railroad  conapanies  to  install  plants  for  wood  preserva- 
tion for  the  treatment  of  ties  and  timber  for  structural  purposes. 
The  Manual  of  the  American  Railway  Engineering  Assoaation 
recognizes  creosote  oil  and  zinc  chloride  as  effective  wood  preserva- 
tives when  properly  applied  and  when  used  under  proper  condi- 
tions. To  secure  successful  treatment,  the  timber  should  be 
properly  grouped  as  to  species,  projwrtion  of  heartwood  and  sap- 
wood,  and  condition  with  respect  to  moisture.  Most  woods  can 
be  best  treated  after  being  air-seasoned. 

In  operating  with  zinc  chloride,  the  strength  of  the  solution  should 
be  varied  from  time  to  time  to  conform  with  the  conditions  of  the 
wood,  so  as  to  inject  the  required  quantities,  but  in  no  case  should 
the  strength  exceed  5  per  cent.  Ties  should  dry  for  some  time  be- 
fore they  are  put  in  track,  to  harden  the  outer  surface.  This  is 
preferably  done  in  piles  arranged  to  secure  drying  without  check- 
ing. It  is  recommended  that  certain  sections  of  track  be  selected 
for  making  accurate  tests  covering  the  life  of  treated  and  un- 
treated ties  of  various  kinds  of  timber  and  under  different  treat- 
ments rather  than  to  attempt  to  keep  records  of  all  ties  in  track. 
The  ties  inserted  in  this  test  section  should  be  marked  with  dat- 
ing nails.  In  order  to  judge  of  the  penetration,  borings  should  be 
made  in  not  less  than  six  ties  in  each  cylinder  load,  and  holes  should 
be  plugged  with  creosote  turned  plugs.  All  material  should  be 
framed  and  holes  bored  as  far  as  possible  before  treatment. 

For  creosote  oil,  the  si>ecifications  call  for  the  best  obtainable 
grade  of  coal-tar  creosote,  free  from  other  oils,  tars  or  substances 
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foreign  to  pure  coal-tar.  The  specific  gravity,  temperature  at 
which  it  is  completely  liquid,  distillate,  etc.,  are  specified,  as  is  also 
the  apparatus  for  i>erformiiig  the  tests.  The  general  requirements 
of  the  specifications  for  the  treatment  state  that  ties  should  not  be 
treated  until  air-seasoned.  The  method  of  piling  green  ties  is  speci- 
fied, and  the  suggestion  made  that  it  is  best  to  determine  by  ex- 
periment the  weight  per  cubic  foot  at  which  each  class  will  best  re- 
ceive treatment,  and  then  to  weigh  for  treatment,  being  careful 
not  to  allow  overseasoning  or  deterioration.  Ties  treated  in  the 
same  run  should  be  as  nearly  as  possible  uniform  in  character  of 
timber  and  degree  of  seasoning.  They  should  be  separated  into 
groups  according  to  permeabitity  as  ascertained  by  experiment, 
and  no  ties  should  be  put  into  cylinders  which  do  not  conform  to 
the  requirements  as  to  shakes,  checks,  etc.  If  ties  are  thoroughly 
air-seasoned,  a  vacuiun  not  less  than  24  in.  of  mercury  should  be 
maintained  for  at  least  10  minutes,  after  which  the  preservative 
should  be  admitted  without  breaking  the  vacuum.  When  ties  not 
thoroughly  seasoned  are  to  be  treated  with  metallic  salts,  the  ties 
should  be  placed  in  cylinders,  the  door  closed  and  live  steam  ad- 
mitted at  such  a  rate  as  to  secure  20  lb.  of  steam  pressure  within 
30  to  50  minutes  the  pressure  to  be  maintained  from  i  to  5 
hours,  depending  upon  the  condition  of  the  timber,  but  the  pres- 
sure at  no  time  should  be  aUowed  to  exceed  20  lb.  During  steam- 
ing, a  vent  should  be  kept  open  at  the  bottom  to  permit  the  escape 
of  air  and  condensed  water  from  the  cylinder. 

When  ties  which  are  not  seasoned  must  be  treated  with  creosote, . 
either  long  steaming  or  seasoning  in  hot  creosote  oil  within  safe 
limits  of  heat  must  be  resort^  to.  When  the  steaming  is 
completed  the  steam  should  be  blown  off  and  a  vacuum  of  not 
less  than  24  in.  produced,  if  at  sea  level,  or  a  corresponding  value 
if  above  sea  level,  the  vacuum  to  be  maintained  for  at  least  H 
hour  and  the  preservative  admitted  without  breaking  the  vacuum. 

For  zinc-chloride  treatment,  the  amount  injected  should  be 
equivalent  to  H  lb.  of  dry  soluble  zinc  chloride  per  cubic  foot  of 
timber.  The  solution  should  be  as  weak  as  can  be  used  and  still 
obtain  the  desired  absorption;  it  should  not  be  stronger  than  5 
per  cent.  The  cylinder  should  be  entirely  filled  with  perservative 
at  a  temperature  of  at  least  140  deg.  and  maintained  full  while 
the  pressure  is  on,  an  air  vent  being  provided  for  releasing  the  air 
coming  from  the  charge.  Zinc  chloride  should  be  slighdy  basic 
and  free  from  free  acid. 

For  the  zinc-tannin  treatment  the  zinc-chloride  injection  should 
be  the  same  as  for  the  zinc-chloride  treatment.  After  this  the  ties 
should  be  allowed  to  drain  for  15  minutes,  and  2  per  cent,  solution 
of  tannic  acid,  made  by  mixing  6%  lb.  of  30  per  cent,  extract  of 
tannin  with  100  lb.  of  water,  run  in  and  a  loo-lb.  pressure  main- 
tained H  hour.  This  should  then  be  run  off  and  a  i  per  cent, 
solution  of  glue  admitted  to  the  cylinder  and  a  loo-lb.  pressure 
maintained  for  ^  hour. 

For  plain  creosoting,  the  creosote  oil  should  be  heated  to  a  tem- 
perature of  not  less  than  160  deg.  and  maintained  at  this  tem- 
perature during  injection.    The  cylinder  should  be  entirely  filled 
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with  preservative,  an  air  vent  being  used  to  remove  the  air  com- 
ing from  the  charge.  At  least  once  during  each  week  samples  of 
oil  should  be  taken  from  the  cylinder  during  the  treatment  and  the 
water  in  the  oil  determined.  If  it  exceeds  the  specified  amount,  a 
correspondingly  greater  quantity  shall  be  injected;  the  excess  be- 
ing limited  to  6  per  cent. 

In  the  zinc-creosote  emulsion  treatment  an  emulsion  of  zinc 
chloride  and  creosote  oil,  the  latter  being  at  least  lo  per  cent,  of 
the  whole,  should  be  admitted  and  pressure  maintained  until  the 
desired  absorption  is  obtained.  This  amount  should  be  sufficient 
to  leave  in  the  wood  an  equivalent  of  fio  lb.  of  dry  soluble  zinc 
chloride  and  m  to  iH  lb.  of  creosote  per  cubic  foot.  The  creo- 
sote oil  used  should  be  as  nearly  as  possible  of  the  same  specific 
gravity  as  the  zinc-chloride  solution.  It  should  preferably  con- 
tain a  large  percentage  of  tar  adds  and  a  small  percentage  of 
naphthalene.  An  effective  stirring  apparatus  must  be  used  in  the 
storage  tank  and  preferably  also  in  the  cylinder. 

For  the  two-injection  zinc-chloride  treatment  Mo  lb.  of  zinc 
chloride  per  cubic  foot  is  first  injected.  The  zinc  chloride  is  then 
run  out  and  creosote  oil  is  injected  to  the  amount  of  3  lb.  per 
cubic  foot.  The  temperature  for  injection  is  140  deg.  for  all 
the  methods  except  the  plain  creosote,  and  the  pressure  100  lb. 
except  where  the  quantity  of  antiseptic  is  specified.  The  zinc- 
chloride  process  is  low  in  first  cost,  and  satisfactory  in  a  dry  cli- 
mate. The  glue  and  tannin  are  added  to  prevent  the  zinc  chloride 
from  leaching  out;  the  creosote  may  be  considered  as  added  for 
the  same  purpose,  or  the  zinc  chloride  may  be  considered  as  added 
to  the  creosote  to  reduce  cost. 

Creosoting  is  the  standard  method  for  bridge  timber  and  its  use 
for  ties  is  increasing.  The  quantity  varies  from  6  to  12  lb.  of 
creosote  oil  per  cubic  foot  for  ties,  to  10  to  20  lb.  for  timber  and 
piling. 

The  choice  of  the  proper  preservative  is  dependent,  in  a  great 
measure,  upon  local  conditions.  Full-cell  treatments,  with  a 
high-grade  creosote  oil,  will  insure  the  maximum  protection,  but  it 
is  by  no  means  uncertain  that  full-cell  treatments  with  petroleum 
oil  or  other  heavy  oils  will  not  offer  an  equal  amount  of  protec- 
tion. The  chief  danger  in  employing  such  oil  would  lie  in  not  using 
it  in  quantities  sufficient  to  keep  out  moisture  or  air.  It  would 
seem  that  an  entirely  satisfactory  oil,  having  antiseptic  qualities, 
can  be  obtained  from  the  distillation  of  water-gas  tar,  and  as  this 
material  may  be  readily  obtained,  its  general  use  would  do  much 
toward  solving  the  difficulty  of  obtaining  suitable  oils  at  a  rea- 
sonable cost.  While  from  a  theoretical  standpoint  the  use  of  metallic 
salts  cannot  be  recommended  for  poles  and  cross-arms  on  account 
of  their  solubility,  still,  in  view  of  the  exceptional  results  obtained 
in  Germany  by  the  use  of  copper  sulphate  and  mercuric  chloride, 
it  is  impossible  to  say  that  these  cannot,  at  times,  be  used  to  great 
advantage.  It  is  recommended,  however,  when  salt  treatments 
are  employed,  that  they  be  protected  against  leaching  by  creo- 
sote or  some  such  similar  method,  and  also  that  due  caution  be 
exercised  in  choosing  this  method  of  treatment. 
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Since  much  of  the  treating  which  will  be  done  by  electric  rail- 
way companies  is  likely  to  be  by  the  open-tank  process,  special  at* 
tention  should  be  paid  to  specifications  covering  suitable  oils,  it 
being  remembered  that  a  large  part  of  the  oil  distilling  under  300 
deg.  C.  is  likdy  to  be  lost  by  volatilization  during  the  process 
of  treatment,  thus  greatiy  increasing  the  cost.  The  oil  to  be 
used  in  the  open  tank  should  constitute  tfie  higher  boiling  portions 
of  the  tar. 

Preservative  Processes 

General.  There  are  several  causes  underlying  the  rapid  devel- 
opment which  has  resulted  in  the  modem,  highly  efficient  processes 
for  impregnating  timber  with  preservatives.  The  most  important, 
perhaps,  was  the  early  recogmtion  of  the  fact  that,  however  great 
might  be  the  value  of  a  preservative  in  retarding  or  preventing  de- 
cay, from  a  theoretical  standpoint^  its  practical  efficiency  was 
likely  to  be  largely  dependent  upon  the  extent  to  which  it  was 
driven  into  the  timber.  For  this  reason,  the  early  methods  of 
steeping  the  timber  in  the  cold  preservative  contained  in  an  open 
tank  or  vat  was  soon  almost  entirely  superseded  by  processes  in- 
suring deeper  penetration.  Another  important  factor  \mderl3dng 
this  development  was  the  growing  demand  made  upon  commercial 
plants  for  treated  timber,  coincident  with  the  recognition  of  the 
great  economic  value  of  timber  preservation  and  the  urgent  ne- 
cessity for  husbanding  the  diminishing  supply  of  timber  suitable  for 
railroad  and  other  purposes. 

As  in  other  branches  of  business,  increased  demand  on  the  part  of  • 
the  consumer  resulted  in  increased  effort  on  the  part  of  the  treating 
plants  to  turn  out  a  maximxmi  amount  of  satisfactory  work  in  the 
shortest  possible  time,  while  reducing  the  cost  to  a  minimum. 
The  greatest  aid  in  the  achievement  of  this  end  has  been  the  em- 
ployment of  artificial  pressure  in  injecting  the  fluid,  it  being 
found  that  by  its  use  deep  penetration  could  be  gotten  in  a  com- 
paratively short  time. 

Owing  to  the  heavy  cost  of  installing  high-pressure  systems,  how- 
ever, there  are  comparatively  few  privately  operated  plants  in  the 
United  States,  and  for  this  reason  the  small  consumer  of  treated 
timber  must  either  purchase  from  the  large  commercial  plants, 
often  so  remote  as  to  make  the  cost  almost  or  quite  prohibitive,  or 
treat  locally  by  a  less  costly  process.  To  meet  the  demands  oi  this 
class,  as  wdl  as  those  who  desire  only  a  moderate  protection  at  a 
small  cost,  the  United  States  Forest  Service  has  devoted  con- 
siderable time  to  the  development  of  the  open-tank  or  low-pressure 
sj^tem,  and  has  brought  its  efficiency  to  such  a  degree  that  in 
many  instances  it  is  possible  to  obtain  adequate  protection  at  a  very 
low  cost.  Such  plants  can  usually  be  operated  by  unskilled  labor, 
require  no  expensive  apparatus,  and  involve  a  very  small  initial 
investment. 

All  processes  for  treating  timber  may  be  considered  under  three 
heads—^high  artificial  pressure  S3rsteins,  the  atmospheric  pressure 
systems,  and  the  low  artificial  pressure  systems;  the  first  including 
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most  of  the  commercial  plants,  the  second  and  third,  the   small 
individual  plants. 

High  Artificial  Pressure  Psrocesses.  High-pressure  processes 
may  be  either  full  cell  or  empty  cell,  depending  upon  whether  or 
not  the  full  amount  of  preservative  injected  into  the  timber  is 
left  in  the  cells  or  a  portion  subsequently  withdrawn.  The  advo- 
cates of  the  f ull«>cell  trea^ents  ckdm  that  unless  the  full  amount  of 
the  preservative  is  left  in  the  timber,  sufficient  protection  against 
decay  will  not  be  afforded;  while  the  advocates  of  the  empty-cell 
treatments  claim  that,  provided  the  penetration  is  deep,  it  is  only 
necessary  to  leave  a  thin  coating  of  the  preservative  on  the  cell- 
walls.  Obviously,  empty-cell  treatments  result  in  considerable 
economy  of  the  preservative.  The  most  prominent  of  the  full- 
cell  processes  are  the  Bethell,  Burnett,  Card,  AUardyce,  Wellhouse, 
and  Rutgers.  Of  the  empty  cell  processes,  the  Rttping  and  Lowry 
are  the  best  known. 

Full-cell  Treatments — BethelL  The  best  known  of  all  pre- 
servative systems  is  the  full-cell  Bethell,  employing  straight  oreo- 
sote  as  the  preservative.  In  operating  the  Bethell  process,  the 
timber  to  be  treated  is  loaded  upon  trucks  and  run  into  a  cylinder 
capable  of  withstanding  a  high  pressure.  These  cylinders,  or 
retorts,  as  they  are  now  called,  are  sometimes  as  much  as  9  ft. 
in  diameter  and  165  ft.  long.  They  are  made  of  boiler  plate  and 
are  provided  with  doors  which  may  be  hermetically  sealed  and  are 
tight  under  a  high  pressure.  For  light  treatment,  the  timber 
may  be  only  air  seasoned,  but  when  a  heavy  treatment  is  desired 
the  timber  is  steamed  after  it  is  put  into  the  cylinder.  The  method 
•of  operation  is  as  follows:  Alter  the  doors  are  closed,  live  steam  is 
admitted  and  a  pressure  of  about  '20  lb.  per  square  inch  is 
maintained  for  several  hours,  the  exact  time  depending  upon  the 
individual  opinion  of  the  operator  as  well  as  upon  the  moisture 
content  and  the  size  of  the  timber  being  treated.  In  some  cases  the 
steam  pressure  is  allowed  to  go  considerably  above  20  lb.,  but 
much  above  this  there  is  constant  danger  of  injuring  the  timber. 
When  the  steam  is  finally  blown  out  of  the  cylinder,  a  vacuum 
is  created  and  as  much  of  the  air  as  possible  is  exhausted  from  the 
cylinder  and  from  the  wood  structiure.  The  condensed  steam  and 
sap  from  the  wood  are  drawn  off  at  the  same  time.  The  exhaus- 
tion period  varies  with  the  extent  of  the  treatment.  Finally, 
after  a  sufficient  vacuum  is  obtained,  the  creosote  oil  is  run  into  the 
cylinder  and  the  pressure  pumps  are  started  and  continued  until  the 
desired  amount  of  preservative  fluid  has  been  injected.  The  re- 
maining oil  is  then  forced  back  into  the  storage  tanks.  The  timber 
is  allowed  to  drip  for  a  few  minutes  and  finally  the  cylinder  doors  are 
opened  and  the  treated  timber  withdrawn.  The  wh<^e  cyde  of 
operation  takes  from  6  to  20  hours,  depending  upon  the  con- 
dition and  kind  of  timber,  size  of  treating  cylinder,  quantity  of 
injection,  etc.  As  a  rule,  it  requires  about  3H  hours  for  steaming, 
about  I  hour  for  vacuum  and  whatever  time  it  may  be  necessary 
to  get  the  required  injection. 

Burnett,  The  Burnett  process  is  similar  to  the  Bethell,  but,  in- 
stead of  using  creosote  as  the  preservative,  it  employs  a  2   to 
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3  per  cent  solution  of  zinc  chloride,  which  is  injected  into  the 
timber  under  pressure  in  the  same  way.  The  use  of  ziiic  chloride, 
or  "Burnettizing,"  for  treating  railroad  ties  dates  from  1850. 

WeUhouse,  The  users  of  the  Wellhouse  process  claim  to  have 
overcome  the  chief  objection  of  the  Burnett  system;  namely,  the 
scdubUityof  zinc  chloride  and  the  consequent  danger  of  its  being 
dissolved  out  of  the  timber  when  it  is  put  into  use.  To  prevent 
this  the  zinc-chloride  treatment  is  followed  by  an  injection  of  glue 
and  taimin,  which  forms  an  insoluble  ^'leather"  stopping  up  the 
wood  pores. 

Rutgers,  This  is  another  method  of  preventing  the  leaching 
of  the  zinc  chloride.  A  mixture  of  zinc  chloride  and  creosote  is 
employed  consisting  of  from  15  to  20  per  cent,  creosote  and 
a  3  to  4  per  cent,  solution  of  zinc  chloride.  The  emulsion  is 
forced  into  the  timbers,  as  in  the  Burnettizing  and  Bethdl 
processes.  This  system  is  extensively  used  in  Europe,  and  to 
some  extent  in  this  country. 

Caard,  This  process  substitutes  creosote  oil  for  the  glue  and 
tannin  of  the  Wellhouse  process,  it  being  claimed  that  the  oil  is 
effective  in  preventing  the  zinc  chloride  from  being  dissolved  out. 
The  diief  difference  between  this  process  and  the  Rtitgers  is  that 
during  the  time  of  injecting  the  liquid  into  the  timber  the  mixture 
is  kept  in  continuous  circulation  by  means  of  a  centrifugal  pump. 
It  is  claimed  that  this  precludes  the  possibility  of  a  separation  of 
the  zinc  chloride  and  creosote,  and  insures  a  uniform  injection  of 
the  preservatives.  The  f(^lowing  statement  is  made  by  the  ex- 
ploiters of  the  Card  system  concerning  its  operation  and  efficiency: 

''In  the  zinc-creosote  or  mixed  treatment,  as  it  is  sometimes 
called,  the  light  oils,  such  as  phenols  and  cresols,  to  a  certain  ex- 
tent, are  soluble  In  hot  water  and  are  carried  with  the  zinc  chloride 
into  the  heartwood  of  the  timber  as  well  as  through  the  sapwood. 
The  heavy  oils  will  not  penetrate  the  heartwood  but  are  deposited 
in  the  sapwood,  and  as  these  heavy  oils  are  insoluble  in  water  they 
prevent  the  zinc  chloride  from  leaching  out  of  the  timber.  The 
two  solutions  are  kept  constantly  mixed  while  under  pressure  by 
means  of  a  centrifugal  pump  attached-  to  the  treating  cylinder;  the 
suction  to  this  pump  is  connected  to  the  top  Of  the  cylinder,  in  the 
middle  and  at  each  end,  and  the  discharge  from  the  pump  enters 
the  bottom  of  the  cylinder,  and  is  distributed  the  entire  length  of 
the  cylinder  through  a  perforated  pipe.  The  mixing  device  works 
under  the  same  pressure  that  is  applied  to  the  treating  cylinder. 
The  appliance  for  mixing  the  emulsion  can  be  applied  to  any  kind 
of  cylinder  and  is  inexpensive  in  its  first  cost,  operation  and  main- 
tenance. Since  its  installation  at  the  several  plants  now  using  the 
zinc-creosote  process,  the  contention  by  Some  that  the  creosote 
and  zinc  solution  cannot  be  mixed  is  proven  to  be  without  founda- 
tion, as  all  samples  drawn  from  different  parts  of  the  retorts,  and 
at  all  times  during  the  process  of  treating,  show  the  oil  and  solution 
to  be  in  the  exact  proportions  intended.  A  water  solution  of 
chloride  of  zinc  has  greater  penetrating  powers  than  creosote  oil, 
and  therefore  it  can  easily  be  injected  under  pressure  throughout 
the  heartwood  of  timber." 
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This  description  serves  wdi  to  illustrate  the  principles  under- 
lying the  processes  employing  the  zinc-chloride  and  creosote  com- 
bination. All  of  them  are  operated  under  the  theory  that  the 
creosote  will  serve  as  a  plug  to  hold  in  the  zinc  chloride. 

Allardyce,  The  Allardyce  process  also  employs  creosote  and 
zinc  chloride,  but  in  this  method  of  treatment  the  zinc  chloride  is 
first  injected  and  then  followed  by  a  separate  treatment  of  creosote 
amounting  to  about  i  to  3  lb.  per  cubic  foot.  The  advocates 
of  this  process  claim  that  inasmuch  as  the  creosote  oil  follows  the 
zinc  chloride,  a  more  effective  protection  is  offered  against 
Jeaching  out  of  the  salt,  the  creosote  acting  as  a  plug. 

Emp^-cell  Treatment.  Raping.  The  Raping  process  aims 
to  secure  protection  against  decay  with  a  comparatively  small 
quantity  of  creosote.  Only  thoroughly  air-seasoned  timber  can 
be  used  in  this  process,  because' its  successful  operation  depends 
upon  compression  of  the  air  in  the  wood-cells.  The  preUnainary 
steaming  and  vacuum  as  carried  out  in  the  BetheU  process  are 
therefore  omitted.  After  the  timber  has  been  placed  in  the 
cylinder  and  the  doors  are  closed,  it  is  subjected  to  an  air  pressure 
of  about  75  lb.,  which  compresses  the  air  contained  in  the 
cells.  Still  holding  this  pressure,  the  creosote  is  forced  into  the 
cylinder  at  a  higher  pressure,  and  after  the  timber  has  been  well 
covered  with  the  preservative,  the  pressure  is  increased  to  about 
225  lb.  This  increased  pressure  forces  the  oil  into  the  wood-cells. 
Then  the  pressure  is  released  and  the  expansive  force  of  the  com- 
pressed air  within  the  wood  forces  out  a  part  of  the  oil  and  leaves 
merely  a  coating  of  the  preservative  on  the  cell-walls.  The  surplus 
oil  is  then  run  back  into  the  storage  tank.  The  expulsion  of  the 
surplus  oil  may  be  increased  by  a  vacuum  in  the  treating  cylinder. 

Lowry.  As  in  the  RUping  process,  the  timber  is  seasoned  before 
treatment,  but  no  compressed  air  is  employed  in  injecting  the 
preservative.  As  soon  as  the  cylinder  is  dossed,  the  oil  is  ad- 
mitted and  forced  into  the  timber  by  pressure.  Then  the  oil  is 
run  out  of  the  cylinder,  and  a  high  vacuum  is  quickly  drawn.  It 
is  claimed  that  the  sudden  expansion  of  the  air,  which  has  been 
compressed  in  the  wood-cells,  drives  out  the  surplus  oil,  and  that  a 
de^p  penetration  but  light  treatment  is  thereby  given  to  the  timber. 

Atmospheric  Pressure  Processes.  It  is  possible  by  means  of 
some  of  the  modifications  of  the  atmospheric  or  low-pressure  sys- 
tems to  effect  full-cell  or  empty-cell  treatment  as  in  the  high-pressure 
systems.  Such  treatments  cannot  be  given  with  the  same  degree 
of  facility  or  with  the  same  effectiveness  as  with  the  high-pressure 
systems,  but  in  many  instances  the  treatment  is  adequate; 

Full-cell  Treatments — Steeping  in  Cold  Preservatives.  The 
simplest  form  of  non-pressure  full-cell  treatments,  if  such  a  term 
can  be  applied  to  a  process  usually  giving  only  superficial  treat- 
ment, is  the  cold-steeping  or  soaking  process  extensively  employed 
in  the  early  days  of  wood  preservation  and  used  to  some  extent  at 
the  present  time.  The  timber  to  be  treated  is  placed  in  an  open 
vat  and  covered  with  the  cold  solution,  which  may  be  mercuric 
chloride,  zinc  chloride,  copper  sulphate,  or  creosote  oil,  as  the  case 
may  be.    In  using  mercuric  chloride,  it  is  necessary  to  employ  non- 
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metallic  steeping  pits  on  account  of  the  corrosive  action  of  the 
mercury.  This  treatment  has  proven  very  effective  in  preserving 
timber,  though  in  this  country  its  use  for  line  timber  has  been  con- 
fined admost  entirely  to  the  New  England  States,  where  some 
electric  companies  used  kyanized  cross-^rms. 

Hot  or  BoiUiig  Treatments.  Timber  is  sometimes  treated  by 
simply  boiling  it  in  the  preservative  contained  in  an  open  tank  or 
closed  retort  for  varying  lengths  of  time.  The  preservative  most 
commonly  used  in  this  process  is  a  heavy  creosote  oil.  The  Forest 
Service  reports  that  the  following  method  is  used  on  the  Pacific 
coast  for  Douglas  fir,  which  is  an  exceedingly  difficult  wood  to  treat. 
The  timber,  usually  green,  is  placed  in  a  treating  cylinder  con- 
taining creosote  heated  to  a  temperature  slightly  above  the  boil- 
ing point  of  water.  This  hot  bath  is  continued  for  a  time  varying 
from  several  hours  to  2  days  or  more.  The  duration  of  treatment 
depends  upon  the  size  and  condition  of  the  timber.  D uring  the  bath 
much  of  the  water  contained  in  the  sap  is  driven  off  together  with 
the  volatilized  light  oils.  These  vapors  are  caught  in  a  condenser, 
the  water  separated,  and  the  oil  then  run  back  into  the  receiving 
tank  to  be  used  over  again.  Finally,  an  oil  presstu-e  of  from  100 
to  1 25  lb.  is  applied,  and  at  the  same  time  the  temperature  of  the 
oil  is  allowed  to  faU,  thus  forcing  the  preservative  into  the  timber. 
This  practice  is  subject  to  the  general  objection  that  it  is  unwise 
to  treat  timber  before  it  has  had  time  to  dry  out  }n  the  open  air. 
It  is  evident  that  the  efficiency  of  the  process  is  much  enhanced 
by  the  final  application  of  pressure,  and  that  ^mply  boiling  in  an 
open  tank  is  very  unsatisfactory  and  inefficient. 

The  following  is  the  method  used  by  Mr.  Martin  Schreiber, 
Engr.  Maintenance  of  Way,  Public  Service  Railway  Co.,  New 
Jersey,  in  the  preservative  treatment  of  ties,  poles  and  cross-arms. 
Carbolineum  is  used  exclusively.  This  treatment  is  applied  to  long 
leaf,  sound  and  square  edge  yellow  pine  ties,  the  ties  being  pre- 
viously seasoned  for  approximately  100  days  after  arrival  at  the 
Passaic  Wlfeirf ,  Newark,  N.  J.  The  open  tank  used  is  of  the  fol- 
lowing dimensions:  30  ft.  long  by  10  ft.  wide  by  2  ft.  deep,  the  oil 
being  heated  by  means  of  steam  coils  in  the  bottom  of  the  tank, 
through  which  a  temperature  of  from  212  to  240  deg.  F.  is 
obtained.  The  ties  are  placed  on  an  endless  chain  conveyor  and 
passed  through  the  oil  in  the  tank.  This  requires  about  15 
minutes,  the  ties  receiving  a  penetration  of  H  to  M«  in.,  thereby 
obtaining  a  complete  fungi  resisting  zone  around  the  tie.  Cross- 
arms  are  treated  by  dipping  them  into  a  smaller  tank  14  ft.  long 
by  3  ft.  deep  by  3  ft.  wide,  and  the  arms  are  only  immersed  for  a 
period  of  5  minutes,  obtaining  a  penetration  of  about  H0  ii^* 
Only  the  butts  of  chestnut  poles  are  cfipped.  The  treatment  covers 
a  distance  of  at  least  2  ft.  above  the  ground  line.  This  is  because 
the  main  trouble  is  encountered  at  the  ground  line  or  a  few  inches 
above  or  below  it.  The  yellow  pine  poles  are  treated  their  entire 
length  with  creosote  oil  under  pressure. 

Alternate  Hot  and  Cold  Treatment  This  process  is  usually 
carried  out  in  an  open  tank,  and  it  is  the  one  generally  known  as 
the  "Open-tank  System."    However,  in  some  situations  it  has 
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been*  found  advisable  to  employ,  in  carrying  out  the  process,  a 
low,  artificial  pressure,  which  necessitates,  of  course,  a  closed  tank 
or  retort.  The  wood  is  first  treated  with  oil  brought  to  a  tempera- 
ture of  from  1 80  to  220  deg.  F.,  for  a  sufficient  length  of  time  to 
heat  the  wood  uniformly  to  the  temperature  of  the  preservative. 
It  is  then  either  changed  to  another  bath  containing  cold  pre- 
servative or  the  hot  preservative  is  drawn  out  and  replaced  by  a 
charge  of  cold  preservative  at  or  below  atmospheric  temperature; 
or  the  timber  may  be  allowed  to  remain  in  the  heated  oil,  heat- 
ing being  stopped  and  the  oil  permitted  to  cool  down.  The 
theory  underlying  the  successful  operation  of  any  of  these  modi- 
fications is  that  the  preliminary  heating  expands  the  air  in  the  wood- 
cells,  and  when  the  cold  oil  .is  introduced  the  sudden  contraction 
creates  a  partial  vacuum  which  draws  in  the  oil.  In  some  in- 
stances, exceedingly  good  penetration  has  been  obtained  by  this 
method,  but  it  is  not  applicable  to  all  classes  of  wood,  owing  to  the 
variations  in  their  penetrability. 

The  simplest  equipment  for  the  treatment  of  poles  and  cross- 
arms  by  the  opeii-tank  method  consists  of  a  tank,  about  8  ft. 
deep,  set  high  enough  above  the  ground  to  permit  a  fire  beneath 
it.  Facilities  should  be  provided  for  the  convenient  handling  of 
the  poles.  Where  steam  is  available,  it  may  be  used  to  advantage 
to  heat  the  liquid  by  means  of  a  coil  in  the  tank  and  also  to  operate 
a  hoisting  engine  for  handling  the  poles.  The  liquid  may  be 
pumped  from  the  treating  tank  to  make  room  for  the  cold  oil  to 
be  introduced  from  another  tank,  or  two  treating  tanks  may  be 
employed,  one  for  the  hot  treatment  and  one  for  the  cold.  In 
connection  with  its  California  experiments,  the  Forest  Service 
described  a  pole- treating  plant  having  a  capacity  of  120  poles  per 
day,  which  was  estimated  to  cost  between  four  and  five  thousand 
dollars;  or  a  plant  with  a  capacity  of  fifty  poles  per  day,  estimated 
to  cost  two  thousand  dollars.  The  latter  equipment  was  to 
consist  of  one  r2,ooo-gal.  iron  storage  tank,  two  s-ft.  by  8-ft 
treating  tanks,  one  60-ft.  mast  with  i6-ft.  boom  derrick,  a  small 
hoisting  engine,  a  20-h.p.  boiler,  steam  coils  for  heating  the  treating 
tank,  and  one  steam  oil  pump,  capacity  2000  gal.  per  hour. 

Open  Tank.  Empty-cell  Treatment.  In  the  full-cell  treatment 
with  creosote  oil,  the  timber  is  removed  from  the  tank  with  a  con- 
siderable amount  of  oil  on  its  surface.  This  is  objectionable,  not 
only  on  account  of  the  waste  of  oil,  but  also  because  of  the  subse- 
quent dripping  of  the  oil  from  the  poles  and  cross-arms  after  they 
have  been  installed.  This  difficulty  is  said  to  be  overcome  by  tak- 
ing a  third  step  in  the  open-tank  treatment  before  described.  Be- 
fore removing  the  timber,  after  the  cold  bath,  it  is  reheated  to  200 
deg.  F.  for  a  period  of  from  2  to  3  hours.  The  same  result  may  be 
accomplished  by  taking  the  timber  out  of  the  bath  in  the  second 
stage  of  the  process,  after  the  creosote  has  cooled  down  through  a 
range  of  20  deg.  F.  This  causes  the  contracting  air  in  the  wood 
to  draw  in  the  free  oil  from  the  surface.  This  method  gives  about 
the  same  penetration  as  the  fuU-cell  ooen-tank  process,  but  saves  a 
considerable  quantity  of  oil,  and  moreover,  leaves  the  surface  of 
the  wood  dry. 
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Low  Artificial  Pressure  Systems.  The  Forest  Service  has  re- 
cently endeavored  to  combine  the  advantages  of  both  the  pressure 
and  non-pressure  processes  in  a  low-pressure  system.  The  seasoned 
timber  is  first  treated  in  a  hot  bath,  as  in  the  non-pressure  system, 
then  it  is  subjected  to  a  cold  bath;  but,  instead  of  depending  en- 
tirely upon  the  atmospheric  pressure  to  force  the  preservative  into 
the  wood,  some  artificial  pressure  is  also  applied.  The  low-pres- 
sure process  cannot,  of  course,  be  used  with  an  open  tank,  and 
requires,  preferably,  a  closed  cylinder,  as  in  high-pressure  work. 
The  advantage  claimed  for  this  method  is  that  it  requires  much 
less  time  for  treatment  than  *in  the  open  tank,  and  a  greater  ab- 
sorption and  a  deeper  and  more  uniform  penetration  are  secured. 

In  the  treating  plant  of  the  Philadelphia  and  Reading  Coal  and 
Iron  Co.,  where  a  closed  retort  is  used  for  treating  mine  timber, 
the  timber  is  run  into  a  cylinder  on  small  buggies,  and  the  doers 
are  then  closed  and  sealed  as  in  the  high-pressure  S3^tem.  Steam 
coils  heat  the  preservative  to  220  deg.  F.  After  the  hot  bath, 
which  is  continued  according  to  the  condition  and  size  of  the 
wood,  the  hot  preservative  is  drawn  ofiF  to  the  lower  tank.  Cold 
oil  or  zinc  chloride  is  then  introduced  into  the  treating  cylin- 
der from  the  storage  tank.  A  small  pump  is  used  to  pump  the 
oU  back  to  the  storage  tank  and  sometimes  this  pump  is  employed 
to  produce  a  low  pressure  in  the  treating  cylinder. 

Miscellaneous  Treatments.  Brush  Treaiments,  Applying  the 
preservative  by  means  of  a  brush  is  the  most  common,  but  the  least 
efficient,  of  all  treatments.  For  good  results  it  is  essential  that 
the  timber  be  thoroughly  seasoned,  and  that  the  wood  be  dry  at 
the  time  of  treatment.  The  preservative  is  usually  kept  heated 
to  about  200  deg.  F.  and  is  applied  to  the  wood  with  a  suit- 
able brush.  Care  should  be  taken  to  fill  all  checks,  knot-holes, 
and  abrasions.  A  second  coat  should  be  applied  after  an  interval 
of  not  less  than  24  hours.  Besides  treating  the  butt  of  the 
pole,  the  roof  of  the  pole  and  cross-arm  gains  should  not  be 
overlooked,  as  such  cuts,  if  left  unprotected,  expose  the  interior 
to  decay.  Some  companies  report  that  they  apply  the  preserva- 
tive with  a  spraying  machine,  claiming  it  has  decided  advantages 
over  the  brush  method  in  that  it  requires  less  labor  and  better  fils 
all  cracks. 

firush  Combined  with  Open  Tank,  A  combination  of  open-tank 
and  brush  treatments  is  made  by  first  treating  the  timber  with 
zinc  chloride  ifi  an  open  tank,  then  giving  it  one  or  more  brush 
applications  of  creosote  or  heavy  tar  oil. 

Jacket  or  Butt  Settings.  Poles  are  sometimes  set  in  shells  of  con- 
crete. It  is  questionable  whether  this  preserves  the  pole  other 
than  in  a  mechanical  way  by  giving  greater  stability.  When  the 
concrete  hardens,  it  contracts  and  may  leave  a  space  around  the 
pole,,  where  moisture  may  collect  and  cause  the  wood  to  decay. 
Some  operators  surround  the  pole  with  a  heavy  band  of  pitch  or 
tar.  This  is  not  as  desirable  as  the  concrete,  because  it  does  not 
add  to  the  mechanical  strength  of  the  pole  setting,  and  has  been 
known  to  create  rather  than  prevent  decay.  Mention  may  be 
made  here  of  a  patented  process  making  use  of  a  jacket  of  asbestos 
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and  asphaJtum  placed  around  and  at  i  or  2  in.  from  the  pole 
near  the  ground  line.  The  jacket  has  a  cement  bottom  and 
is  filled  with  a  mixture  of  hydrated  lime,  chloride  of  sodium,  copper 
sulphate  and  sand.  Over  the  top  of  the  jacket  and  surrounding 
the  pole  a  reinforced  cement  cap  is  placed.  It  is  claimed  that  the 
chemicals  are  held  in  a  tight  compartment,  from  which  they  are 
slowly  dissolved  and  drawn  into  the  pole. 

Such  descriptions  might  be  continued  indefinitely  until  the 
simplest  form  of  pole  preservation  or  butt  reinforcement  were 
reached,  such  as  the  method  employed  by  a  large  telephone  com- 
pany, which  may  be  described  as  foUows:  When  the  pole  butts  are 
found  to  be  in  a  fairly  advanced  stage  of  decay,  a  stub,  having  about 
the  same  dimensions  as  the  pole  butt,  is  placed  in  the  ground  along- 
side of  the  pole.  This  stub  is  long  enough  to  extend  from  the 
bottom  end  of  the  pole  to  a  point  about  2  ft.  above  the  groimd 
line.  It  is  secured  to  the  pole  butt  and  to  the  pole  above  the 
ground  either  by  wrappings  of  heavy  wire  or  by  through-bolts,  or  a 
more  stable,  job  may  be  made  by  combined  wrapping  and  bolting. 
This  plan  could  scarcely  be  carried  out  under  dty  or  town  condi- 
tions, as  the  unsightliness  of  the  stub  would  be  a  serious  objection, 
but  it  might  be  followed  successfully  on  trunk  lines  which  pass 
through  sparsely  settled  territory.  There  seems  no  reason  why  the 
upper  part  of  poles,  particulary  of  the  harder  species  of  wood, 
should  not  be  used  indefinitely  provided  always  that  the  butt  rein- 
forcement is  made  as  strong  and  reliable  as  would  be  the  continuous 
pole. 


SECTION  XI 
SIGNALS  AND  COMMUNICATION 

The  requisites  of  sienals  on  an  electric  railway  vary  with  many 
conditions;  whether  tne  system  is  double  or  single  track;  whether 
it  is  a  city,  suburban  or  interurban  S3rstem;  whether  the  track  is 
straight  or  has  many  curves;  whether  the  track  is  level  or  has 
many  grades;  speed,  headw&y  and  braking  possibility  of  trains; 
and  whether  direct  current  or  alternating  current  is  used  to  propel 
the  trains.  The  selection  of  proper  signal  apparatus  and  ar- 
rangement for  a  given  system,  therefore,  calls  for  an  individual 
fitudy  of  that  particular  system.  Development  due  to  such  studies 
has  produced  a  great  many  types  and  varieties  of  signal  apparatus. 

Block  System.  The  methods  and  rules  by  means  of  which  the 
movements  of  a  train  on  a  section  of  track  are  controlled  relative 
to  the  movements  of  another  train  or  other  trains  on  the  same 
track  and  section  constitute  a  block  system. 

Block.  A  section  of  track  the  use  of  which  by  trains  is  thus  con- 
trolled constitutes  a  block. 

Block  SignaL  A  block  signal  is  a  signal  which  controls  the  use 
of  a  block. 

^     Home  Block  Signal.    A  home  block  signal  is  a  signal  which  con- 
trols trains  entering  and  using  a  block. 

Distant  Block  Signal.  A  distant  block  signal  is  a  signal  used  in 
connection  with  the  home  block  signal  to  regulate  the  approach  of  a 
train  to  that  home  block  signal. 

Signal  Location  and  Arrangement  The  most  important  features 
influencing  the  location  of  signals  are:  (a)  Maximum  braking  dis- 
tance of  trains  as  affected  by  their  speed  and  weight  and  by  the 
grades  encountered;  (b)  location  of  sidings,  stations,  curves  and 
like  physical  features  of  the  right-of-way;  (c)  headway  of  trains 
to  maintain  the  sch^ule;  (d)  the  distance  at  which  signals  can  be 
easily  read  and  interpreted. 

Signals  are  usually,  where  possible,  placed  upon  the  right-hand 
side  of  the  track  looking  in  the  direction  of  the  traffic  wMch  they 
govern. 

Curve  Protection.  (Fig.  i.)  Signal  i  governs  west-bound  cars 
and  Signal  2   east-bound,  the  dangerous  or  obscured  track  lying 


2     ^w. 
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Pig.  I. — Curve  protection. 

between  the  two  signals.  The  dotted  lines  show  the  control  limits 
of  the  two  signals,  or,  in  other  words,  the  extent  of  the  track  which 
controls  the  sisals.  A  car  an^here  between  Signal  2  and  point 
3  will  cause  Signal  2  to  remam  in  the  ''Stop"  indication,  while 
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Signal  I  is  affected  only  when  the  car  is  between  Signals  i  and  2. 
Should  two  following  cars  approach  a  protected  curve  close  together, 
the  second  car  would  be  stopped  by  the  signal  until  the  first  car 
had  passed  beyond  the  limits  of  control  of  that  signal. 

Preliminary.  Were  Signal  2  controlled  only  up  to  Signal  i, 
it  would  then  be  possible  for  two  cars  to  simultaneously  pass  Signak 
I  and  2f  each  receiving  a  proceed  indication.  This  may  be 
avoided  by  the  use  of  a  setting  section,  or  preUminaryy  extending 
beyond  one  of  the  Signals,  as  1-3.  This  preliminary  section  should 
not  ordinarily  be  less  than  1000.  ft.  in  length  and  a  length  of  1500 
ft.  is  preferable.  By  the  use  of  this  preliminary  a  car  running 
west  sets  Signal  2  to  stop  after  passing  point  3,  and  in  case  an  east- 
bound  car  has  not  already  passed  Signal  2,  it  would  be  stopped  by 
it.  In  case^  however,  the  east>bound  car  had  passed  Signal  2  be- 
fore the  one  west  bound  passed  point  3,  Signal  i  would  be  set  to 
stop,  being  controlled  to  Signal  2,  and  the  west-bound  car  would 
be  stopped  at  Signal  i.  The  fact  that  Signals  i  or  2  are  in  the 
proceed  indication  gives  the  governed  car  the  right  tp  proceed 
only  up  to  the  opposing  signal,  or  through  the  block,  for  if ,  as  in  the 
last-mentioned  case,  an  east-bound  car  passes  Signal  2  before  the 
west-bound  car  passes  point  3,  the  latter  will  stop  at  Signal  i  and 
the  opposing  car,  having  had  a  proceed  signal  at  2,  might  meet 
with  an  accident.  If  a  prdiminary  were  used  on  both  ends,  or  tiie 
control  of  each  signal  were  extended  out  beyond  the  other,  two  op- 
posing cars  might  get  into  the  preliminary,  sections  at  the  same 
time.  In  this  event  both  signals  Would  assume  the  stop  indication 
and  neither  car  could  proceed.  It  is  therefore  desirable  to  locate 
the  signals^  in  a  case  of  this  kind,  at  least  within  braldng  distance 
from  the  point  of  curve  so  that  if  one  car  is  standing  at  a  signal  an 
opposing  cac  rounding  the  curve  will  be  able  to  stop  before  reach- 
ing the  signal; 

IfUermediaie  Signals.  (Fig.  2.)  Where  the  use  of  a  preliminary 
(see    preceding   paragraph)    is   prevented,    intermediate   signals 
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Pig.  2. — ^Intermediate  signals. 

are  sometimes  used.  The  purpose  of  these  intermediate  signals 
(i  and  4)  is  to  afford  protection  if  two  trains  running  in  opposite 
directions  should  happen  to  pass  points  2  and  3  at  the  same  time. 

Signaling  Schemes  for  Suburban  and  Ihterorban  Service 

The  selection  of  a  signaling  scheme  for  a  given  service  calls  for 
a  special  "Study  of  each  case.  The  following  general  schemes  (Figs. 
3  to  17,  inclusive)  for  suburban  and  interurban  service  were  gjig- 
gested  by  the  1913  Joint  Committee  on  Block  Signals  for  E%^ri<; 
Railways,  A.E.R.E,A.,  as  being  usable  in  the  develdbmetit  of 
such  a  study. 
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SIngle-tnck  Sttlrafban  Railway,  Headway  5  to  30  Minutes, 
t^eed  not  Eiceeding  ao  Miles  per  Hour.  Employiiig  either  nop- 
counting  or  car-counting  signals.  (Figs.  3  to  6>  inclusive;  in 
which  S  indicates  Set,  Le.,  counting  into  block,  R  indicates  Re- 
store, ».e.,  counting  out  of  block.  Dotted  lines  from  a  signal  con-» 
'tactor  indicate  control  by  that  contactor^  Arrow  heads  pointing 
toward  signals  indicate  setting  movements;  arrow  heads  pointing 
toward  contactors  indicate  restoring  movements  in  the  direction 
as  indicated  by  the  arrow  head.) 

Scheme  I.  (Fig.  3.)  East-bound  cars  take  the  siding  and  west* 
bound  cars  remain  on  the  main  track.  An  east-bound  car  from 
y4  to  B,  by  I,  sets  B  to  stop,  and  A  is  changed  to  register  car  into 


A-B.  Upon  reaching  siding  at  B  the  car  is  counted  out  of  A-B  at 
2.  If  C  is  in  a  permissive  indication  the  car  may  proceed  under  3, 
thereby  counting  itself  inter  C-D.  If,  however,  a  west-bound  car 
is  in  C-D,  C  will  be  at  stop  and  the  east-bound  car  will  remain  in 
the  siding  until  the  west-bound  car  has  passed  C  which  will  be 
restored  at  6.  For  regular  movements  east-bound  cars  count 
into  A-B  and  C-D  at  i  and  3,  respectively,  and  count  out  at  2 
and  4,  respectively.  West-bound  cars  count  into  D-C  and  B-A 
at  5  and  7,  respectively,  and  count  out  at  6  and  8,  respectively. 
The  contactors  are  shown  connected  for  irregular  movements  a^, 
for  instance,  an  east-bound  car  operating  2  counts  out  of  A-Bj  but  if 
for  any  reason  it  should  back  over  2  it  Would  count  into  B-A ;  but 
as  it  again  proceeds  eastward  it  will  count  out  again.  West-bound 
car  movements  are  controlled  as  illustrated  for  east-bound,  except 
that  the  west-bound  waits,  if  necessary,  on  the  main  track  oppo- 
site the  siding. 

'Scheme  II.  (Fig.  4.)  Qirs  in  both  directions  are  permitted  to 
pass  sidings  on  the -main  line;  cars  in  both  directions  are  p>ermitted 
to  run  through  sidings.    An  east-bound  car  having  operated  i 

^ s  — =?= S 

Fig.  4. 

^ts  B  to  stop  and  A  to  register  it  into  A-B,  If  C  is  in  a  permissive 
indication  the  car  passes  B'  and  counts  itsdf  out  at  7  and  pro- 
ceeding forward  counts  itself  into  C-D.  If,  however,  C  is  at  stop, 
in<y€iating  a  west'-bound  *car  in\D-C,  the  east-bound  car  runs  into 
the  siding  and  counts  itself  out  of  A-^B  at  2.  When  IhC  is  re^ 
60 
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stored  by  west-bound  car  passing  6,  the  east-bound  car  then  pro- 
ceeds into  C-D  by  operating  3.  The  reversal  of  these  movements 
niay  take  place,  that  is,  a  west-bound  car  reaching  the  siding 
may  pass  it  on  tbe  main  track,  or  if  ^  is  at  stop  the  car  will  enter 
the  siding  at  the  east  end  and  wait  there  until  the  east-bound  car 
has  cleared  B-A  at  7.  East-bound  cars  count  into  A-B  and  C-D' 
at  I  or  8  and  3  or  6,  respectively,  and  count  oUt  of  A-B  and  C-D 
at  2  or  7  and  4  or  .5,  respectively.  West-boimd  cars  count  into 
D-C  and  B-A  at  4  or  5  and  2  or  7,  respectively,  and  count  out  of 
D-C  and  B-A  at  3  or  6  and  i  or  8,  respectively. 

Scheme  III.  (Fig.  5.)     East-bound  cars  enter  the  siding.     An 
east-bound  car  ai^roaching  siding  at  B  has  signal  B  at  stop  pro- 
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Pig.  s, 

tecting  it.  Upon  reaching  the  siding  if  C  shows  a  permissive  in- 
dication, the  car  may  proceed  on  the  main  line  and  count  itself  into 
C-D  at  4  and  count  out  of  A-B  at  5,  If,  however,  C  is  found 
at  stop,  the  car  will  pull  into  the  siding  and  count  itself  out  of  A-B 
at  6.  The  west-bound  car  then  passing  C  counts  itself  into  A-B 
at  s  and  counts  out  of  D-C  at  4  and  proceeds  through  B-A ;  the 
east-bound  car  will  then  back  out  of  the  siding,  count  itself  into 
B-A  at  6  and  run  on  to  the  main  line.  Proceeding  eastward  it 
will  count  itself  into  C-D  at  4  and  continuing  forward  will  count 
itself  out  of  A-B  at  5.  A  west-bound  car  upon  reaching  the  siding 
and  finding  .S  at  stop  will  wait  on  the  main  line  until  the  east-bound 
car  takes  the  siding. 

Scheme  IV.     (Fig.  6.)     Either  east-  or  west-bound  cars  take  the 
siding,  observing  the  rule  that  cars  are  to  head  in  and  back  out. 
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Pig.  6. 

An  east-bound  car  in  A-C  has  C  protecting  it  and  upon  rfaching 
siding  at  which  C  is  located  and  finding  D  at  permisdivei,  may 
proceed  on  the  main  track  and  count  into  D-E  at  5;  e6ntinuing 
forward  it  will  count  itself  out  of  A-C  at  7.  If,  however,  2>  is  at 
stop,  the  car  wHl  head  into  the  siding  and  count  out  of  A-C  at  6. 
The  west-bound  car  then  approaching  C  and  finding  it  clear  counts 
into  C-A  at  7  and  continuing  forward  restores  Er-D  at  5.  The 
east-bound  car  in  the  siding  now  backs  out  on  to  the  main  line  and 
in  passing  under  6  counts  into  C-A ;  then  proceeding  eastward  on 
the  main  Hne  coimts  into  D-E  at  5  and  counts  out  of  C-A  at  7. 
As  the  arrangement  is  symmetrical  from  the  middle  of  the  siding, 


SIGNALING  SCHEMES  787 

movements  the  xeveise  of  the  above  are  controlled  in  an  obvious 
manner. 

Double-track  Suburban  Railway,  Headway  z  to  zo  Minutes, 
Speed  not  Exceeding  30  Miles  per  Hour.    (Figs.  7  to  11 
inclusive.) 

Scheme  I.    (Fig.  7.)    Three  position  semaphore  signab  with 
track  circuit  control.    An  east-bound  car  passing  i  sets  it  to  stop, 

A     Bart  Bound —».  B  ^C 
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Pig.  7. 


in  which  position  it  remains  until  this  car  has  passed  out  of  A^B. 
Upon  passing  insulated  joints  By  3  indicates  **stop,"  i  indicates 
''caution."  When  the  train  proceeding  eastward  passes  insulated 
joints  at  C,  i  wiU  go  to  clear,  3  to  caution  and  5  to  stop.  A 
similar  explanation  holds  for  a  west-bound  train. 

Scheme  II.  (Fig.  8.)    'Two  position  signals  with  track  circuit 
control.    An  east-bound  car  passing  i  sets  it  to  stop  when  it  passes 
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insulated  joints  at  A,  The  signal  remains  in  this  position  until 
the  car  passes  insulated  joints  at  D.  As  the  car  passes  3,  insulated 
joint  C,  this  signal  will  also  go  to  stop,  and  while  the  car  is  in  C-D 
both  I  and  3  will  be  at  stop.  The  fact  that  i  is  controlled  be- 
yond 3  to  Z>  prevents  a  car  obtaining  a  clear  indication  at  i  and 
receiving  a  stop  indication  at  3,  with  the  preceding  car  just  beyond 
this  signal.    A  similar  explanation  holds  for  a  west-bound  car. 

Scheme  III.    (Fig.  9.)    Two  position  signals  with  track  circuit 
control.    An  east-bound  car  passing  i  does  not  set  this  signal  at 
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stop  immediately  upon  passing  it,  and  does  not  do  so  until  it  has 
passed  over  insulated  joints  at  il.  i  remains  at  stop  while  the  car 
IS  in  A-B,  In  passing  out  of  A-B  and  into  B-Cy  1  goes  to  clear  and 
3  goes  to  stop.    A  similar  explanation  holds  for  a  west-bound  car. 
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Scheme  IV.  (Fig.  lo.)  Trolley  contactors.  Three  indications 
by  lights  alone,  a  small  pilot  light  being  used  in  advance  of  the 
main  signal  for  an  indication  that  the  signal  has  operated.  An 
east-bound  car  passing  A^  in  case  there  are  no  cars  between  A  and 
C,  changes  i  from  neutral  to  proceed.  The  fact  that  the  pilot 
light,  which  is  normally  extinguished,  lights  up,  shows  the  motor- 
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man  that  he  has  counted  into  the  block  and  gives  him  the  right  to 

Sroceed.  i  is  at  stop  while  the  car  is  in  A-B,  Upon  passing  under 
>  I  is  changed  from  stop  to  caution  and  3  is  set  to  stop,  these 
indications  remaining  while  the  car  is  in  B-C.  Upon  passing  under 
C,  I  goes  to  clear  or  neutral,  3  changing  from  stop  to  caution  and  5 
being  set  to  stop.  The  fact  that  the  contactors  are  located  im- 
mediately at  the  signals  instead  of  in  advance  of  them,  as  is  custom- 
ary for  single-track  operation,  makes  the  pilot  light  necessary, 
so  that  the  motorman  can  be  assured  that  he  has  counted  into 
the  block.    West-bound  cars  will  operate  in  a  similar  manner. 

Scheme  V.  (Fig.  ii.)  Trolley  contactors.  Light  signals  giving 
two  indications.  An  east-bound  car  approaching  A  does  not  pass 
under  it  unless  i  is  at  neutral.    If  this  is  the  case,  the  car  in  passing 
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under  A  changes  the  signal  from  neutral  to  proceed,  the  signal 
remaining  at  this  indication  until  the  car  passes  under  B,  at  which 
point  the  proceed  indication  is  extinguished  and  the  st<^  displayed. 
The  car  in  proceeding  eastward  and  approaching  C,  if  it  finds  3 
at  neutral,  proceeds  under  C  and  if  the  signal  changes  from  neutrau 
to  proceed,  proceeds  into  C-E.  The  car  in  passing  under  D  re- 
stores I  to  neutral,  changing  3  from  proceed  to  stop.  West-bound 
movements  are  made  in  a  similar  manner. 

Single-track  laterurban  Railway,  Headway  not  Less  than  x 
Hour,  Speed  40  to  60  Miles  per  Hour.    (Figs.  12  and  13.) 

Scheme  I.  (Fig.  12.)  Absolute  blocking,  semaphore  signals, 
only  one  track  circuit  from  siding  to  siding,  continuous  track  cir- 
cuits, following  cars  blocked  from  siding  to  siding,  no  track  circuit 
greliminaries  being  used,  intermediate  signals  replacing  the  pre- 
minaries.  Light  signals  may  be  used  if  desired.  Cars  on  siing 
within  clearance  fimits  do  not  affect  signals.    An  east-botmd  car 
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passing  A  sets  i,  4  and  6  to  stop  and  protects  itself  against  both 
following  and  opposing  movements.  3  does  not  go  to  stop  imme- 
diately as  the  train  passes  it,  due  to  the  fact  that  the  track  circuit 
is  not  cut  opposite  the  signal.  It  does  go  to  stop,  however,  after 
the  train  reaches  some  point  as  C  in  advance  of  this  signal.  This 
fact  is  not  material,  however,  as  the  car  is  already  protected  from 
the  rear  by  i,  but  3  having  gone  to  stop  after  the  car  has  passed 
C  clears  i  so  that  the  following  car  may  proceed  to  3. 
Proceeding   eastward,    as   the   car   passes   Z>,  4  goes  to  clear. 
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West-bound  cars  are,  however,  blocked  at  6.  In  passing  the 
insiilated  joint  at  F,  i  and  3  behind  the  car  change  from  stop 
to  proceed,  allowing  a  following  car  to  enter  the  block  recently 
occupied  by  the  first  car.  6  will  also  change  to  clear,  due  to  the 
fact  that  until  a  following  car  enters  the  block  at  A  the  block  is  un- 
occupied. In  case  there  had  been  a  meeting  point  at  siding  F, 
the  east-bound  car  would,  on  approadring  5,  have  foimd  it  at  stop, 
due  to  the  west-bound,  car,  with  which  it  had  to  meet,  being  be- 
tween L  and  s,  because  5  is  controlled  to  L,  The  purpose  of  3 
and  4,  and  7  and  8  is  to  protect  against  the  possibility  of  two  op- 
posing cars  passing  i  and  6  simultaneously,  both  in  this  case  being 
at  clear.  If  Uus  occurred,  however,  each  car  would  receive  the  stop 
indication  at  3  and  4  and  in  this  way  the  advance  signals  3  and  4 
take  the  place  of  the  additional  track  circuit  usually  used  as  a  pre- 
liminary section. 

Scheme  II.  (Fig.  13.)  Absolute  blocking,  semaphore  signals, 
following  cars  blocked  from  siding  to  siding.  Track  circuit  pre- 
liminary is  used  with  this  arrangement.    Light  signals  may  be  used 
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if  desired.  Also  a  light  indicator  may  be  used  at  the  beginning 
of  the  preliminary  to  indicate,  to  a  car  approaching  the  siding  from 
side  on  which  the  preliminary  is  located,  die  indication  of  the  home 
signal  at  the  siding  before  it  is  reached.  An  east-bound  car  passing 
I  sets  it  and  4  to  stop,  thereby  obtaining  protection  for  both  oppos- 
ing and  following  moves.  Proceeding  eastward  if  there  be  a  meeting 
point  at  siding  Y,  3  will  be  at  stop  if  the  west-bound  car  has  passed 
the  preliminary  section  M,  east  of  siding  Z,    The  east-bound  car 
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then  proceeds  into  siding  Y,  which  clears  4  so  that  the  west-bound 
car  may  proceed  without  stopping.  The  east-bound  car  then 
backs  out  of  siding  Y  and,  providing  that  3  is  clear,  proceeds  east- 
ward. I  is  controlled  beyond  4  to  G,  this  being  done  so  that  two 
cars  cannot  simultaneously  pass  i  and  4,  in  this  way  both  secur- 
ing the  clear  indication.  If,  with  a  meeting  point  at  siding  F,  the 
west-bound  car  passes  6  before  the  east-bound  car  passes  i,  i  will 
go  to  stop  and  remain  so  until  tjie  west-bound  car  reaches  the  clear 
at  siding  Y,  In  order  to  overcome  this,  an  indicator  light  is  some- 
times used  at  Gj  so  that  the  motorman  of  the  train  approaching 
the  siding  at  which  he  has  a  meeting  point  may  know  before  he 
passes  the  preliminary  section  whether  or  not  the  opposing  train 
has  psLSsed  the  siding  in  advance.  This  scheme  can  be  used  with 
distance  signals  if  desired,  continuous  track  circuits  being  used. 

Single-track  Xnterurban  Railway,  Headway  15  Minutes,  Trains 
in  Several  Sections,  Speed  40  to  60  Miles  per  Hour.  (Figs.  14  to  1 6, 
inclusive.) 

Scheme  I.  (Fig.  14.)  Absolute  blocking,  semaphore  signals,  fol- 
lowing cars  blocked  practically  one-half  the  distance  between  sid- 
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Pig.  14.  • 

ings,  no  track  circuit  preliminary  being  used,  intermediate  signals 
replacing  the  preliminaries.  Light  signals  may  be  used  if  desired. 
Cars  on  siding  inside  clearance  limits  do  not  affect  the  signals. 
This  scheme  is  somewhat  similar  to  that  shown  under  Scheme  I, 
page  788,  except  that  the  intermediate  signals  have  been  moved 
farther  into  the  block  and  arranged  so  that  following  cars  can 
operate  more  closely  than  is  possible  with  that  arrangement.  An 
east-bound  car  passing  A  sets  i,  4  and  6  to  stop,  thereby  protecting 
itself  against  both  following  and  opposing  movements.  Proceed- 
ing eastward,  3  goes  to  stop  as  the  car  passes  C,  i  and  4  go  to  clear 
as  the  car  passes  Z>,  thereby  permitting  a  following  car  to  pass  i 
in  the  clear  position,  the  distance  between  3  and  4  being  braking 
distance  at  maximum  speed.  If  there  be  a  meeting  point  at  siding 
F,  the  first  east-bound  car  will  find  5  at  stop,  due  to  the  fact  that 
the  west-bound  car,  that  it  is  meeting,  is  between  L  and  5,  6  being 
at  stop  against  the  west-bound  car.  The  east-bound  car  takes 
siding  at  Y  which  clears  6  for  the  west-bound  car  providing  no  fol- 
lowing east-bound  car  is  between  A  and  6.  If  a  second  east-bound 
car,  however,  followed  the  first  into  A—F  after  the  first  car  passed 
Z>,  6  will  remain  at  stop  until  the  second  east-bound  car  reaches 
siding  Y  and  gets  into  clear,  when  6  will  clear  for  the  west-bound 
movement.  The  two  cars  on  siding  Y  now  back  out  and  the  first 
proceeds  eastward,  5  being  clear.    The  second  east-bound  car,  how- 
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ever,  waits  at  s  (which  was  put  to  stop  when  the  first  east-bound  car 
passed  it)  until  the  first  car  passes  /,  when  5  will  again  clear.  The 
second  east-bound  car  may  then  proceed.  3  and  4,  and  7  and  8 
serve  double  purposes;  they  not  only  divide  the  blocks  for  fol- 
lowing movements  but  take  the  place  of  a  preliminary  track  section 
in  the  same  manner  as  explained  in  Scheme  I,  page  787;  Le.y  if  two 
opposing  cars  passed  i  and  6  simultaneously,  both  receiving  the 
clear  indication,  they  will  be  stopped  by  3  and  4,  respectively, 
in  which  case  one  car  would  have  to  back  up  to  the  nearest  siding. 
This  scheme  uses  but  one  track  circuit  from^  siding  to  siding, 
continuous  track  circuits  being  used. 

Scheme  II.  (Fig.  15.)  Absolute  blocking,  semaphore  signals, 
continuous  track  circmts,  following  cars  blocked  practically  one- 
half  the  distance  between  sidings  for  following  movements  and  from 
siding  to  siding  for  opposing  movements.    Light  signals  or  signab 
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operating  in  three  positions  may  be  used.  Cars  on  siding  inside 
clearance  limits  do  not  affect  the  signal.  An  east-bound  car 
passing  i  will  set  i,  4  and  6  to  stop,  thereby  protecting  itself  against 
both  following  •and  opposing  moves.  Proceeding  eastward  and 
passing  3,  which  will  go  to  stop  and  i  changes  from  stop  to  caution. 
On  reaching  siding  F,  if  a  meeting  point  is  to  be  made  at  this  siding, 
5  will  be  at  stop  if  the  west-bound  car  has  passed  G,  and  while  the 
east-bound  car  is  on  the  main  line.^  will  be  at  stop  and  8  at  caution. 
After  the  east-bound  car  gets  in  the  clear  at  siding  K,  however,  6 
^nd  8  will  go  to  clear,  providing  no  second  east-bound  car  is  be- 
tween A  and  D,  After  the  west-bound  car  has  passed  -siding  Y 
the  east-bound  car  backs  out  of  siding  and  providing  5  is  clear  pro- 
ceeds eastward.  With  this  arrangement  both  the  stop  and  caution 
indication  are  given.  The  distance  from  B  to  C  ana  from  £  to  F 
is  braking  distance  at  maximum  «peed.  The  overlapping  of  A-C 
and  B-D  takes  the  place  of  a  preliminary  beyond  the  siding  in  the 
same  manner  as  described  in  Scheme  I. 

Scheme  III.  (Fig.  16.)  Continuous  track  circuits.  Cars  are 
allowed  to  follow  one  another  into  an  occupied  block  under  a  per- 
missive indication.  The  blocking  of  opposing  cars  is  abso- 
lute. Signals  in  one  direction  are  normally  clear,  in  the  other 
normally  danger.  A  light  indicator  is  used  at  the  beginning  of  the 
preliminary  section,  also  a  secondary  light  is  used  on  the  signal  to 
provide  the  permissive  feature.  Light  signals  may  be  used  if 
desired.  An  east-bound  car  passing  i  will  set  this  signal  to  stop, 
4  having  already  been  set  to  stop  at  the  beginning  of  the  pre- 
liminary west  of  the  siding  X,  i  being  normally  at  danger  is 
changed  to  dear  by  an  east-bound  car  entering  the  preliminary 
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west  of  siding  X,  providing  there  is  no  opposing  car  between  A 
and  C.  Likewise,  3  is  cleared  by  an  east-lMund  car  passing  By  if 
no  opposing  car  is  in  C-E,  After  one  east-bound  car  has  passed  A 
another  may  follow  it  into  A-C  providing  the  permissive  light 
below  the  semaphore  arm  at  stop  lights  up,  and  so  on  for  any 
number  of  following  cars.  The  first  car  approaching  siding  F, 
if  there  be  a  meeting  point  at  this  siding,  inoll  find  3  at  stop  and 
the  light  indicator  lighted,  if  the  opposing  car  has  passed  £.    If 
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Fig.  16. 

the  west-bound  car  has  not  yet  passed  E,  the  east-bound  car  should 
wait  at  the  light  indicator  until  it  lights  up,  this  indicating  that  the 
west-bound  car  has  passed  6  and  that  the  east-bound  car  may  pro- 
ceed by  B  without  blocking  the  west-bound  car  a  siding  away  from 
the  meeting  point.  West-bound  cars  approaching  siding  F  may 
proceed  at  once  to  the  home  signal  as  i  is  controlled  only  to  4, 
the  preliminary  section  usually  being  on  but  one  end  of  the  block. 
The  east-bound  car  after  waiting  at  the  light  indicator  until  it 
shows  that  thfe  opposing  car  has  passed  6  then  proceeds  to  siding 
and  gets  in  the  clear,  which  will  allow  4  to  clear,  provided  no 
other  east-bound  cars  have  passed  into  A-C  under  the  permissive 
indication.  After  the  passing  of  the  west-bound  car,  the  east- 
bound  car  in  siding  Y  backs  out  and  proceeds  past  3  providing  it  is 
clear.  Distant  signals  may  be  used  with  this  scheme  in  which  case 
the  east-bound  distant  signal  would  take  the  place  of  the  Hght 
indicator. 

D(>uble-track  Ihterurban  Railway,  Headway  6  Minutes,  Speed  40 
to  60  Miles  per  Hour.  (Fig.  17.)  Continuous  track  circuits.  Sema- 
phore signals  operating  in  three  positions  are  used,  the  distance  be- 
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Fig.   17. 

tween  signals  being  governed  by  the  headway  and  speed.  The 
operation  is  the  same  in  either  direction.  Light  signals  may  be 
used  if  desired.  A  car  passing  i  sets  it  to  stop,  proceeding  east- 
ward past  3,  this  signal  will  go  to  stop  and  i  will  change  from  stop 
to  caution.  On  passing  5,  3  will  go  to  caution,  5  going  to  stop 
and  I  will  change  from  caution  to  clear.  In  this  arrangement  stop 
and  caution  signals  are  displayed   behind  each   car.     Cars   are 
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able  to  follow  each  other  as  dose  as  the  distance  between  two  ad- 
joining signals,  the  second  car  in  this  case  running  under  the  cau- 
tion indication  continuously. 

Signal  Indications  and  Aspects. 

(i)  A.E.R.E.A.  Standard  Use  of  the  three  fundamental  in- 
dications. In  all  signaling  the  use  of  three  fundamental  indica- 
tions: (a)  Stop;  (b)  proceed-with-caution;  (c)  proceed. 

(2)  A.E.R.E.A.  Standard  Use  of  semaphore  signals.  Where 
semaphore  signals  are  used  they  shall  be  so  arranged  as  to  indi- 
cate (indicating  in)  three  positions,  in  the  upper  left-hand  quadrant. 

(3)  A.E.R.E.A.  Standard.  Aspects  in  three-position  signaling 
(see  Fig.  18). 

(4)  A.E.R.E.A.  Miscellaneous  Methods  and  Practices.  Aspects 
in  two-position  signaling  (see  Fig.  19). 

^ectacle.  Fig.  20  shows  the  design  of  spectacle  for  left-hand 
upper  quadrant  90  deg.  semaphore  having  6  in.  openings  and  6} 
in.  lenses  for  3-position  semaphore  signals  and  for  use  with  3  ft.  6 
in.  pointed  blade,  adopted  as  standard  b^  the  A.E.R.E.A.,  1914. 

Clearances  for  Block  SignaL    Fig.  2 1  shows  the  clearance  diagram 
for  block  signab  recommended  by  the  Committee  on  Block  Signals 
A.E.R.E.A.,  1914,  for  adoption  as  standard. 
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Pig.  x8. — Aspects  in  three-position  signaling.     A.E.R.E.A.  standard. 


Discemiblenesa  of  Light  Signal  in  Sunlight  The  following 
results  of  tests  by  Mr.  John  Leisenring  are  from  a  discussion  by 
him,  A.E.R.E.A.,  191 2: 

A  standard  semaphore  signal  indicating  in  the  upper  left-hand 
quadrant  was  placed  on  a  long  tangent  running  almost  directly 
east  and  west.  ^  A  light  signal  with  5-in.  lenses,  two  24- watt  tung- 
sten lamps  behind  each  lens,  with  a  30-in.  straight  hood  and  a  collar 
of  about  10  in.  for  forming  a  background,  was  located  near  the 
semaphore,  the  green  lens  being  above  the  red.    The  background 
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.E.A.,  pmposed  piactice. 

-is  of  the  ordinaw  type  encountered  onintemrban  railways;  '«« 
being  the  main  formation  of   the  one  in  question.     The 
on  the  side  of  the  track  on  which  the 
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on  t£e  side  of  the  track  on  which  the  signals  were  placed 
from  the  center  line  of  the  track.     Construction  is  mast-s 

Ihs  livill»Mr  wire  is  iR  ft    fi  in.  from  thp  tnn  of  Ihfl  rail.       At  i 


the  troUey  wire  is  i8  ft.  6  in.  from  the  top  ot  the  ra 
Oct.  5,  a  bright  clear  morning  with  a  slight  haze 


:8  ft.  6  in.  from  the  top  ot  the  raiL     At  7:053 


^  for  thred-positLon  1 


SIGNAL  INDICATIONS 


the  limit  of  sight  of  the  green  light  in  the  signal  above  described  was 
1050  ft.,  and  the  limit  of  sight  of  the  red  w&s  1850  ft.  The  whole 
Iront  of  the  signal  was  entirely  in  the  shadow.     The  semaphore 


block  Bignab.     A.E.R.B.A 


signal,  under  the  same  conditions  of  light  as  stated  above,  could 
be  seen  in  the  "stop"  position,  horizontal,  distinctly  1500  ft.;  in 
the  60  deg.  position,  which  is  "proceed"  on  the  road  in  ciuestion,  it 
was  clearly  discernible  840  (t.;  in  the  90  deg.  vertical  position, 
which  woiid  be  the  "proceed"  indication  in  three-position  dgnal- 
iog,  it  was  clearly  discernible  750  ft.     At  10.30  a.m.  with  the  sun 
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high  and  the  short  shadows  almost  at  right  angles  to  the  track,  the 
side  of  poles  toward  the  observer  being  still  in  the  shadow,  the 
limit  of  sight  of  the  green  Hght  in  the  light  signal  was  2000  ft.; 
the  limit  of  sight  of  the  red  indication  was  1 700  ft.  The  semaphore 
signal  was  clearly  discernible  in  the  horizontal  position,  under 
same  light  conditions  as  above,  about  2500  ft.;  in  the  60  deg.  "pro- 
ceed" position  about  1500  ft.,  and  in  the  90  deg.  "proceed" 
position  about  1450  ft.  At  3:30  p.m.  with  the  sun  shining 
into  signal  at  slight  angle,  both  lenses  being  in  the  shadow,  the 
sides  of  the  poles  toward  the  observer  being  in  the  sunlight,  the 
limit  of  sight  of  the  green  indication  was  1650  ft.,  and  the  Umit  of 
sight  of  the  red  indication  was  11 22  ft.  The  direct  sun's  rays  were 
on  the  front  of  the  signal,  just  to  the  edge  of  the  red,  or  lower, 
lens.  The  semaphore  signal  under  similar  conditions  in  the  hori- 
zontal position  could  be  seen  for  3645  ft.;  in  the  60  deg.  position  for 
2500  ft.,  and  in  the  90  deg.  position  fbr  about  2000  ft.  At  5  p.m., 
when  the  sun  was  beginning  to  weaken  and  when  its  rays  were 
directly  on  the  lenses  of  the  light  signal,  the  green  indication  was 
discernible  for  3000  ft.  and  the  red  incficarion  for  1350  ft.  The 
semaphore  signal  was  practically  the  same  as  stated  in  the  last 
previous  observation. 

Size  of  Lens.  The  Joint  Committee  on  Block  Signals  for  Elec. 
Rys.,  A.E.R.E.A.,  1914,  recommended  as  follows  for  good  practice: 

High-speed  Interurban  Service,  A  lens  of  not  less  than  8?i 
in.  diameter  should  be  used  on  all  light  signals  operated  by  con- 
tinuous track  circuits. 

Moderate  Speed  Service,  A  lens  of  not  less  than  5^6  in. 
diameter  should  be  used  where  light  signals  are  operated  by  trolley 
contact  or  other  end  set  devices. 

Manually  Operated  Lamp  Signal.  (Fig.  22.)  This  is  one  of  the 
simplest  types  of  signals  and  is  in  very  common  use.    The  lamps 
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Pig.  22. — Manually  operated  lamp  signal. 

are  grouped  to  operate  on  trolley  potential  and  but  one  additional 
signal  wire  extending  through  the  block  is  used.  A  member  of 
the  crew  of  a  train  about  to  enter  a  block  throws  a  switch,  there- 
by displaying  a  light  at  the  distant  end  of  that  block  with  a 
caution  signal  at  the  entering  end.  When  the  train  reaches  the 
end  of  the  block,  a  member  of  the  crew  throws  a  switch  at  that 
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leaving  end,  thereby  removing  the  signals  set  by  him  at  both 
ends  of  that  block.  If,  however,  two  trains  running  in  the  same 
direction  occupy  one  block  at  the  same  time,  the  signal  should  not 
be  removed  until  the  last  train  leaves  the  block.  In  some  cases, 
one  lamp  only  is  used  in  the  signal  box  at  each  end  of  the  circuit, 
while  the  remaining  lamps  of  the  series  are  installed  at  appro- 
priate places  along  the  section  as  an  assurance  to  the  motorman 
that  his  protection  remains  as  set. 

The  signal  should  be  arranged  to  prevent  unauthorized  manipu- 
lation. This  is  commonly  done  by  padlocking  the  operating 
handles.  The  following  scheme  develops  by  the  Rhode  Island  Co. 
for  the  protection  of  hand  operated  signals  also  insures  the  removal 
of  the  reverse  handle  from  the  car  while  the  signal  is  being  set: 
Snap  switches  are  used  instead  of  knife  switches.  A  round  piece 
of  metal  having  a  square  hole  in  one  end  is  substituted  for  the 
ordinary  rubber  button  on  the  snap  switch.  The  switch  is  mounted 
so  that  this  square  hole  is  slightly  above  an  opening  in  the  bottom 
of  the  signal  box.  The  motorman's  reverse  handle,  having  one 
end  squared  for  the  purpose,  is  used  as  a  key  to  turn  the  switch. 

Manual  Block  System.  The  manual  block  system  is  one  in  which 
trains  are  controlled  by  signals  operated  manually,  upon  informa- 
tion received  by  telegraph,  telephone  or  other  means  of  com- 
munication. It  consists  of  a  series  of  block  sections  with  a  block 
control  station  at  each  end  of  each  section,  at  which  there  are  placed 
signals  to  be  used  by  the  operator  to  control  the  trains  entering 
and  using  said  block.  In  tne  operation  of  this  system,  informa- 
tion concerning  the  condition  of  a  given  block  is  obtained  by 
communication  between  the  operators  at  the  ends  of  said  block, 
and  trains  are  instructed  as  to  movement  by  means  of  the  signals. 
The  safety  of  operation  under  the  manual  block  system  depends 
upon  the  accuracy  with  which  orders  are  received  and  trans- 
mitted, there  being  no>check,  either  electrical  or  mechanical,  to 
prevent  the  display  of  a  wrong  signal. 

Controlled  Manual  Block  System.  The  controlled  manual' block 
system  is  the  same  as  the  manual  block  system  just  described  ex- 
cept that  the  signals  at  the  ends  of  each  block  are  electrically  inter- 
connected in  such  manner  that  cooperation  of  the  signalmen  at 
both  ends  of  the  block  is  required  to  display  a  clear  signal.  It 
is  a  great  improvement  over  the  manual  block  signal,  but  still 
does  not  prevent  two  operators  from  making  simultaneous  error. 
This  is  overcome  by  the  continuous  track  circuit,  so  arranged 
that  a  train  having  entered  a  block  will  automatically  put  the 
proper  signals  to  stop  and  hold  them  there  until  the  train  is  en- 
tirely out  of  the  section,  regardless  of  any  attempt  on  the  part  of 
the  operators  to  clear  them.  Its  use  on  many  electric  lines  is  pro- 
hibited on  account  of  the  large  expense  involved  in  maintaining 
operators  at  such  -frequent  intervals.  The  cost  of  the  electric 
api>aratus  for  "controlled  manual"  has  been  looked  upon  by 
most  roads  as  unwarranted.  Only  roads  with  heavy  earnings  are 
using  it. 

Staff  or  Token  ^stem.  The  staff  or  token  system  is  another 
form  of  controlled  manual  block  system  which  has  been  applied  only 
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to  single  track  lines.  In  its  operation  no  train  is  allowed  to  oc- 
cupy a  block  section  without  the  possession  of  a  tangible  object, 
such  as  a  staff,  ball  or  tablet.  These  tokens  are  obtained  from  in- 
struments located  at  the  opposite  ends  of  each  block  which  are  so 
interconnected,  electrically,  that  but  one  token  can  be  removed  at 
a  time;  and  until  this  one  has  been  reolaced  in  one  instrument  or 
the  other,  no  additional  token  can  be  withdrawn  from  either. 
Therefore,  it  is  evident  that  there  can  be  but  one  train  in  a  section 
at  a  time  except  where  permissive  blocking  is  used,  in  which  case 
the  tokens  are  made  in  pieces,  each  train  taking  part  of  a  token,  the 
last  train  taking  all  that  remains.  When,  therefore,  this  divided 
token  is  put  together  and  deposited  in  the  other  instrument, 
another  token  can  be  withdrawn  from  either  instrument.  The 
strong  feature  claimed  for  this  form  of  controlled  manual  blocking 
is  that  it  requires  the  train  crew  to  take  part  in  the  operation  and 
gives  the  engineman  tangible  evidence  of  his  right  to  the  block 
Its  drawbacks  are  that  thus  far  it  has  required  the  train  to  stop 
to  deposit  and  withdraw  the  tokens  or  else  requires  operators  at 
each  passing  point  to  receive  and  deliver  them. 

Atttoxnatic  Block  System.  The  automatic  block  system  is  a 
system  in  which  the  signals  govern  the  entrance  to  each  block 
and  are  automatically  controlled  by  the  trains  as  they  proceed,  in 
such  a  manner  that  head-on  and  rear-end  protection  is  afforded. 
A  number  of  forms  of  the  automatic  block  systems  are  being  used* 
their  essential  differences  appearing  in  the  manner  in  which  the 
control  of  the  signals  by  tiie  train  is  effected.  These  diff^ent 
forms  of  automatic  systems  include  the  following  methods  of 
control:  (i)  Trolley  or  auxiliary  rail  contacts,  which  are  operated 
by  passage  of  trolley  or  third-rail  shoe  and  thus  operate  the  signal 
circuits  when  a  train  passes;  (2)  continuous  track  circuit,  based 
on  a  fundamental  prinaple  of  a  train  controlling,  at  all  times,  the 
signals  governing  the  specific  portion  of  the  track  occupied,  and 
utilizing  the  track  rails  as  a  signal  circuit;  (3)  short  track  circuit, 
which  utilizes  short  insulated  sections  of  the  track  at  the  ends  of 
the  block  for  setting  and  restoring  signals. 

Trollev  Operated  Signals.  Trolley  operated  signals  are  generally 
operated  by  electrical  contact  through  the  current  collector  of  the 
car  or  by  electrical  contact  through  a  switch  which  is  opened  or 
closed  mechanically  by  the  current  collector  in  passing. 

Contact  Type  Trolley  Operated  Signal*  Fig.  23  shows  the 
relation  of  the  essential  parts  of  a  typical  trolley  contact  signal 
(the  Nachod),  The  mechanism  of  the  signal  itself  may  be  divided 
into  three  parts:  (i)  The  indicating,  consisting  of  the  lamps,  color 
lenses  and  opaque  color  disks;  (2)  the  intermediate,  represented 
by  the  relay,  which  converts  the  impulses  of  current  caused  by 
the  passage  of  the  car  into  signal  indications;  (3)  the  actuating, 
consisting  of  the  overhead  trolley  contact  switches,  which  by  the 
passage  of  the  car  determine  the  setting  and  the  clearing  of  the 
signals.  The  trolley  switch  consists  of  a  Ught  angle-iron  frame 
supporting  at  its  ends  through  insulating  blocks,  two  flexible  in- 
clined contact  strips,  the  trolley  wire  being  withdrawn  during  ijie 
length  of  the  contact  strips,  which  are  fotmed  to.  receive  the  wheel 
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without  shock.  One  strip  is  connected  to  -trolley,  the  other  to 
ground  through  the  relay.  The  wheel,  being  a  metallic  conductor, 
bridges  them  and  sets  the  signal  whether  the  car  is  taking  power 
or  not  at  the  instant  of  passing  the  switch.  One  signal  wire  in 
addition  to  the  trollev  wire  connects  the  apparatus  at  the  ends  of 
the  block.  Fig.  23  shows  the  parts  in  position  for  no  train  in  the 
block,  in  which  case  each  end  0!  the  signal  wire  is  grounded  through 
a  red  lamp  R,  With  no  current  in  the  coils,  the  armatures  drop. 
The  first  entering  train  sends  proper  current  through  mag- 
net A  in  the  relay  at  the  entering  end,  operating  a  two-way  re- 
volving switch,  which  transfers  that  end  of  the  signal  wire  to 
trolley  through  a  white  light  W  and  a  magnet  D,  This  light  and 
the  red  one  at  the  other  end  now  burn  in  series  through  the  signal 
wire.  Successive  following  trains  turn  the  revolving  switch  so 
that  the  contacts  overlap  further,  but  make  no  change  in  the 
electrical  circuit.  Each  leaving  train  energizes  magnet  C  to  break 
temporarily  the  signal  circuit  at  9-1,  permitting  magnet  D  in 
the  first  rday  to  drop  its  armature  and  revolve  the  switch  in  the 
reverse  direction.    When  the  same  number  of  impulses  has  been 


Pig.  23. — Overhead  contact 
signal  system  (Nachod). 


made  on  magnet  C  as  on  i4,  that  is,  when  all  the  trains  that  have 
entered  the  block  have  left  it,  the  signals  are  cleared  and  the 
connections  are  as  shown.  The  color  disks  are  brought  to  an  in- 
dicating position  by  magnet  D  and  one  in  shunt  with  R,  not  shown. 
A  no-voltage  magnet,  not  shown,  is  interlocked  with  magnet  D  to 
prevent  a  motion  of  the  armature  of  the  latter  should  the  power  fail 
with  trains  on  the  block.  This  is  a  signal  of  the  absolute,  permissive 
type.  To  illustrate  the  permissive  feature,  suppose  a  train  has 
entered  the  block  and  set  the  signals,  and  before  it  leaves,  a  follow- 
ing train  arrives  at  the  end  of  the  block  showing  white.  The 
motorman  will  imderstand  by  this  that  there  is  at  least  one  train 
ahead  going  in  the  same  direction.  As  his  train  runs  under  the 
contact  he  notices  the  flash  of  the  white  light  that  his  train 
causes.  This  is  an  in^cation  that  his  train  is  counted  in  or 
registered  in  the  signal  relay;  and  so  on  for  a  number  of  trains 
foUowing  each  other,  each. receiving  its  signal  that  there  are  other 
trains  ahead  of  it  and  that  it  has  counted  in.  When  the  first  train 
arrives  at  the  end  of  the  block,  in  running  under  the  contact 
switch,  it  causes  a  blinking  of  the  light,  but  the  signals  are  set  as 
before.    They  lo  remain  until  the  last  train  clears  them,  leaving  the 
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block  ready  for  trains  in  either  direction.  If  a  train  should  enter 
the  block  from  one  end  and  back  out  by  the  other  track  at  the  same 
end,  using  the  single  track  merely  as  a  Y  or  cross-over,  the  signals 
will  be  cleared  when  the  train  leaves  the  block.  This  makes  a  very 
flexible  operation,  as  in  the  complicated  case  where  a  number  of 
trains  enter  the  block  from  one  end,  and  are  continuously  entering 
and  leaving,  some  leaving  by  one  end  and  some  by  the  other,  but 
the  signals  protect  all  the  trains  in  the  block  and  are  cleared  only 
when  they  all  leave  it.  The  signal  may  also  be  operated  as  an 
absolute  block  system  by  leaving  the  hand-clearing  switch  of>en, 
which  is  equivalent  to  opening  the  line  wire.  For  instance,  the 
motorman  of  a  work  train,  entering  the  block  closes  the  block  at 
both  ends  by  leaving  the  hand-clearing  switch  open.  Then  no  per- 
missive signals  may  be  obtained  from  either  end.  To  leave  the 
signals  for  normal  operation  again,  he  must  dose  the  switch  when 
leaving  the  block.  In  case  of  failure  of  line  voltage,  the  signg^U 
reappear  on  its  resumption  with  the  same  indications. 

Fig.  24  shows  the  circuits  of  another  typical  trolley  contact 
signal  (the  United  States): 

The  right-hand  front  magnet  is  the  setting  magnet  which  rotates 
the  registering  wheel  one  step  for  each  energization.  The  left- 
hand  front  magnet  is  the  restoring  magnet  which  at  each  energiza- 
tion rotates  the  registering  wheel  one  step  in  the  direction  opposite 
to  the  above.  The  front  or  main  contact  bar  is  in  its  right-hand 
position  when  the  block  is  dear,  but  is  thrown  to  its  left-hand 
position  when  the  first  car  is  registered  into  the  block  on  the  register- 
ing, wheel  and  remains  in  the  left-hand  position  until  the  last  car 
is  registered  out.  The  middle  contact  bar- or  alternating  switch 
is  operated  by  a  star  cam  on  the  registering  wheel  so  that  it  stands 
in  its  right-hand  position  when  each  odd  car  is  registered  in,  and 
in  its  left-hand  position  when  each  even  car  is  registered  in.  When 
it  is  in  its  right-hand  position,  it  causes  the  right-hand  green  and 
white  semaphore  to  be  displayed,  and  when  it  is  in  its  left-hand 
position  it  causes  the  left-hand  green  and  white  semaphore  to  be 
displayed  so  that  the  proceed  indication  will  be  given  only  when  the 
registering  wheel  operates.  The  rear  contact  bar,  nonnally  in  its 
right-hand  position,  is  momentarily  thrown  to  its  left-hand  position 
when  the  rear  right-haiid  magnet  is  energized,  but  as  soon  as  the 
latter  is  de-energized  falls  to  its  normal  position.  This  magnet 
is  energized  by  the  restoring  trolley  contactor. 

The  trolley  wheel  of  a  car  entering  an  unoccupied  block  from  the 
left  strikes  the  setting  contactor,  thus  completing  a  circuit  from 
trolley  wire,  through  fuse  4,  throu^  setting  (right-hand  lower) 
magnet,  resistance  and  fuse  G  to  ground. '  This  moves  the  register- 
ing wheel  one  notch  and  moves  the  main  (^^nt)  contact  bar  to  the 
left-hand  position.  As  soon  as  the  trolley  passes  beyond  the  con- 
tactor the  drcuit  previously  made  is  opened  and  the  armature  of 
the  setting  magnet  falls  back  by  gravity  into  its  normal  position. 
A  drcuit  is  then  completed  from  the  trolley  wire  at  the  right-hand 
end  of  the  block,  through  the  wire  indicated  by  the  heavy  line, 
fuse  I  in  the  right-hand  signal,  resistance,  red  lamp,  pick  up  magnet, 
front  left-hand  magnet,  the  two  right-hand  contacts  and  main 
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contact  bar,  the  contacts  and  the  rear  contact  bar,  rear  left-hand 
locking  magnet,  fuse  3,  signal  circuit  line  wire,  fuse  3  in  the  left- 
hand  signal,  rear  left-hand  locking  magnet  in  the  left-band  signal, 
rear  contact  bar,  upper  contacts  and  main  contact  bar,  around 
through  contacts  and  middle  contact  bar,  right-hand  permissive 
semaphore  magnet,  green  light,  pick-up  magnet,  thence  to  ground. 
If  a  second  car  passes  over  the  contactor,  setting  magnet  will  be 
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energized  in  the  manner  above  outlined  for  the  first  car  and  the 
registering  wheel  will  be  rotated  one  more  notch,  the  middle  con- 
tact bar  or  alternating  switch  will  be  thrown  to  tlie  left-hand  posi- 
tion. The  circuit  through  the  signal  at  the  right-hand  end  of  the 
block  will  then  be  completed  as  above  outlined,  but  the  circuit 
through  the  left-hand  signal  will  be  completed  as  follows:  From 
fuse  3,  through  rear  left-hand  locking  magnet,  rear  contact  bar, 
upper  left-hand  contacts,  main  contact  bar,  left-hand  contacts 
and  middle  contact  bar,  left-hand  semaphore  magnet,  left-hand 
green  light,  pick  up  magnet,  thence  to  ground.  This  will  cause 
the  opposite  green  semaphore  disk  to  show.  When  the  trolley 
wheel  passes  the  restoring  contactor  at  the  right-hand  enjd  of  the 
block,  a  circuit  is  completed  through  fuse  5,  rear  right-hand  mag- 
net, resistance,  thence  to  ground.  This  moves  the  rear  contact 
bar  to  its  left-hand  position,  opening  the  signal  circuit  previously 
described  and  completing  a  circuit  across  the  left-hand  pair  of 
contacts.  This  action  completes  the  restoring  circuit  as  follows: 
From  the  trolley  wire  at  the  left-hand  end  of  the  block,  through 
fuse  I,  resistance,  red  lamp,  pick-up  magnet,  restoring  magnet, 
lower  left-hand  contacts  and  main  contact  bar,  fuse  2,  restoring 
circuit  line  wire,  fuse  2  in  the  right-hand  signal,  left-hand  pair  of 
contacts  and  rear  contact  bar,  thence  to  ground.  This  energizes 
the  restoring  magnet  in  the  left-hand  signal  and  rotates  the  register- 
ing wheel  one  step  in  the  direction  opposite  to  that  in  which  it  was 
rotated  by  the  setting  magnet.  As  the  trolley  leaves  the  restoring 
contactor  the  circuit  just  described  will  be  opened,  rear  right-hand 
magnet  in  the  right-hand  signal  will  be  de-energized  and  the  rear 
contact  bar  will  fall  back  to  the  right-hand  pair  of  contacts.  This 
places  the  signal  circuit  in  its  normal  condition.  When  the  last 
car  is  counted  out  of  the  block,  the  main  contact  bar  in  the  left- 
hand  signal  is  thrown  to  its  right-hand  position.  Both  signals 
are  then  neutral.  If  a  car  enters  the  block  from  the  right-hand 
end,  the  circuits  will  be  completed  in  the  same  manner  except  they 
will  be  fed  in  the  opposite  direction,  that  is,  from  the  left-hand 
end  of  the  block. 

Single -rail  Track  Circuit  Alternating-current  Signal  System. 
Fig.  25  shows  the  relation  of  the  essential  parts  of  a  track  circuit 
alternating-current  signal  system  in  which  one  rail  (the  "block  rjul") 
is  insulated  in  sections  and  is  used  to  carry  only  current  of  the  signal 
system.  The  other  rail  is  used  to  conduct  the  train  propulsion 
(hrect  current  and  the  current  of  the  signal  system.  Alternating 
current  whose  potential  is  reduced  from  that  of  the  signal  mains  by 
transformers  at  the  block  is  used  to  operate  the  signals.  A  non- 
inductive  resistance  is  placed  in  series  with  the  secondary  of  the 
transformer  which  suppUes  the  current  for  the  track  signal  circuit. 
A  non-inductive  resistance  is  likewise  placed  in  series  wiUi  the  signal 
relay  and  an  inductance  is  shunted  across  the  signal  relay.  The 
purposes  of  these  resistances  and  the  inductance  are  to  reduce  to  a 
negligible  value  the  direct  current  which,  due  to  the  drop  in  po- 
tential of  the  train  propulsion  current  in  the  block,  fl9ws  in  the 
relay  and  the  track  transformer,  also  to  limit  the  flow  of  alternating 
current  through  the  track  transformer  when  the  rails  are  bridged 
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by  wheels  and  axles  of  a  train  in  the  block.  The  magnetic  circuits 
of  inductance  and  transformer  each  include  an  air  gap  to  diminish 
the  magnetic  effect  of  the  small  direct  current  which  passes  through 
their  windings.  Wheels  and  axles  of  a  train  in  the  block  shunt  t£e 
signal  current,  thus  causing  the  relay  to  release  its  armature  and 
set  the  signals. 
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Fig.  25. — Single-rail  alternating  current  block  signal. 

Double-rail  Track  Circuit  Alternating-current  Signal  System. 
Fig.  ^26  shows  the  relation  of  the  essential  parts  of  a  track  circuit 
alternating-current  signal  system  in  which  both  rails  are  used  in 
common  by  the  signal  alternating  current  and  the  train  propul- 
sion direct  current.  This  common  use  is  made  possible  by  the  in- 
ductive bonds  which,  while  offering  little  resistance  to  the  train 
propulsion  current,  maintain  a  considerable  alternating-current  po- 
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tential  difference  between  the  rails  when  there  is  no  train  in  the 
block  supplied  by  the  track  transformer.  While'  this  considerable 
alternating-current  potential  difference  continues  the  armature  of 
the  relay  holds  the  signals  at  the  normal  indication,  but  when, 
as  by  the  bridging  action  of  the  wheels  and  axles  of  a  train  in  the 
block,  this  alternating-current  potential  is  greatly  reduced,  the 
armature  of  the  relay  is  released  and  the  signals  are  set.  The  in- 
ductive bond  consists  of  a  single  winding  of  heavy  conductor  on  a 
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laminated  iron  core  and  having  a  tap  brought  out  at  its  middle 
point.  (The  magnetic  circuit  for  use  with  direct  current  for 
propulsion  includes  an  air  gap.)  The  bond  is  connected  across  the 
rails  at  one  end  of  an  insulated  section  of  track  and  the  middle  tap 
is  connected  to  the  middle  tap  of  a  similar  bond  connected  across 
the  rails  at  the  adjacent  end  of  the  adjoining  insulated  track 
section.  To  limit  the  flow  of  current  supplied  by  it,  the  track 
transformer  is  provided  with  an  adjustable  leakage  path  between  its 
primary  and  secondary  windings. 

This  system  is  also  used  where  alternating  ourent  is  used  for 
train  propulsion.  For  this  service  the  frequency  of  the  current  in 
the  signal  circuit  is  greater  than  that  of  the  train  propulsion  current 
The  impedance  bonds  have  no  air  gaps.  They  offer  little  imped- 
ance to  the  train  propulsion  current,  but  they  offer  sufficient  im- 
pedance to  the  signal  .circuit  current.  The  relay  is  constructed 
to  operate  only  with  current  of  the  higher  frequency. 

Short  Track  Circuit  Signal  System.  In  the  short  track  drcuit 
system  only  short  insidated  sections  of  track  at  the  ends  of  the 
block  are  used  in  the  signsd  operation.  The  following  outline  is 
based  on  the  Kinsman  system.  Special  provision  for  signal  op^a- 
tion  is  made  between  adjacent  rails  of  but  one  side  of  the  electric 
railway  track,  thus  the  otlier  rail  is  left  continuous  as  if  it  were  to 
serve  only  the  needs  of  train  propulsion.  The  track  circuit  in- 
cludes two  adjacent  insulated  sections,  each  two  rail-lengths  long. 
The  sections  are  insulated  by  three  insulated  joints.  The  section 
farther  from  the  center  of  the  block  controls  the  setting  of  the 
signals,  while  the  second  section  controls  the  release  of  the  signals. 
The  return  circuit  of  the  train  propulsion  current  is  carried  around 
these  insulated  sections  by  an  aiudliary  conductor,  either  rail  or 
cable.  The  relays  are  operated  by  current  from  a  primary  battery. 
When  the  block  is  "dear''  the  normal  position  of  the  signal  arm  is 
vertical.  The  train  in  entering  the  block  first  passes  over  the 
setting  section  and  operates  the  setting  relay.  This  cuts  out  a 
release  relay  and  makes  both  insulated  sections  a  setting  section. 
If  a  train  is  leaving  a  block  it  first  passes  over  the  release  section, 
cutting  the  setting  relay  out  of  circuit  and  making  both  sections  a 
rdease  section.  -  A  step-by-step  controller  at  each  signal  registers 
the  movement  of  the  trains  into  and  out  of  the  block  and  controls 
the  circuit  operating  the  signal.  The^  controller  switch  is  not 
thrown  back  to  its  normal  position  imtil  the  last  train  leaves  the 
block.  The  position  of  the  signals  is  controlled  by  the  position 
of  the  controller  switch.  When  the  block  is  unoccupied  this  switch 
is  at  normal  position  and  the  signals  at  both  ends  are  in  vertical 
position.  As  a  train  enters  a  block  the  setting  relay  operates  the 
controller  at  the  entering  end  and  the  controller  switches  open. 
This  breaks  the  circuit,  de-energizing  the  signal  at  the  distant  end 
of  the  block,  allowing  it  to  fall  by  gravity  to  the  horizontal  or 
"stop"  position.  As  a  signal  assumes  the  "stop"  position  it  opens 
the  circuit.  When  an  entering  train  leaves  the  insulated  section, 
the  signal  at  the  entering  end  is  de-energized  and  falls  by  gravity 
to  the  45-deg.  or  "caution"  position  and  is  held  in  this  position 
by  a  slot  magnet  which  is  operated  by  the  switch  on  the  controller. 
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As  each  succeeding  train  enters  the  block  it  passes  onto  the  insulated 
section  and  the  signal  moves  from  the  45-deg.  position  to  the  ver- 
tical position;  then  after  the  train  has  passed  over  the  insulated 
section  the  signal  falls  hack  to  the  45-deg.  position,  and  the  signal 
at  opposite  end  of  block  goes  to  horizontal  position.  As  each  train 
passes  out  of  the  block  the  release  relay  operates  and  in  turn  actu- 
ates the  controller  at  the  entering  end  of  the  block  one  step  back 
toward  its  normal  position.  As  the  last  train  passes  out  the  con- 
troller switch  is  operated,  which  completes  the  circuit  through  the 
signal  at  both  ends  of  the  block,  causing  both  to  operate  to  the 
vertical  position,  which  indicates  that  all  trains  are  clear  of  the 
block. 

Insulating  Joints.  Where,  as  at  the  end  of  a  block,  it  is  neces- 
sary to  insulate  adjacent  rail  ends  from  each  other,  a  piece  of  insu- 
lating fiber  is  placed  between  the  rail  endsy>  insulating  bushings  are 
placed  around  the  bolts  and  insulating  fiber  is  clamped  between  the 
rail  and  the  joint  plates,  the  latter  having  been  planed  down  or 
specially  made  for  the  purpose. 

Effect  of  Zinc-treated  Ties  on  Two-rail  Ttack  Circuits.  The 
following  is  the  consensus  of  opinion  obtained  in  letter  replies.  It 
was  given  by  the  Committee  on  Signals  and  Interlocking,  1913, 
A.R.E.A.,  and  accepted  as  information  by  that  association:  (i) 
Track  circuits  a.  mile  in  length  are  rendered  inoperative  by  the  ex- 
tensive use  of  adnc-treated  ties.  (2)  Track  circuits  2000  ft.  in 
length  may  be  operated  successfuUy,  even  with  50  per  cent,  or 
more  of  ties  so  treated.  (3)  10  per  cent,  to  15  per  cent,  renewals 
per  year  will  not  materially  affect  such  length  circuits.  (4) 
Where  renewals  are  made  of  fifteen  or  twenty  adjacent  ties,  the  leak- 
age is  much  greater  than  where  they  are  made  singly  at  uniform  dis- 
tances, i.e.y  with  1$  per  cent,  renewals  (every  sixth  or  seventh  tie). 
(5)  While  the  surface  salts  are  present,  more  leakage  occurs  during 
wet  weather  than  with  untreated  ties,  as  these  wet  salts  form  a 
better  conductor  than  ordinary  wet  wood.  (6)  In  dry  hot  weather, 
the  salts  are  drawn  to  the  surface*  and  constitute  a  more  or  less 
perfect  conductor.  (7)  After  a  period  varying  from  3  months 
to  a  year,  these  salts  disappear  and  subsequently  no  interference 
is  noticeable. 

Dispatchers'  Signal  Systems 

There  are  many  signal  systems  in  which  provision  is  made 
whereby  a  dispatcher  may  set  signals  at  desired  points  along  the 
track.    Telephone  communication  between  train  crew  and  dis- 

Catcher  is  also  generally  provided  for.  The  main  point  of  difference 
etween  dispatchers'  signal  systems  which  set  fixed  signals  is  the 
method  whereby  the  desired  fixed  signal  is  selected. 

Impulse  Systems.  In  the  Blake  signal  system  several  signals 
are  connected  to  the  same  circuit  and  each  signal  contains  a 
pendulum  of  a  length  differing  from  the  lengths  of  all  other 
pendulums  in  the  sign^s  on  that  circuit.  Jn  the  dispatcher's  office 
there  is  a  pendulum  of  the  same  length  as  each  of  the  pendulums 
in  the  signals.  When  the  dispatcher  sets  one  of  his  pendulums 
vibrating  it  opens  and  doses  an  electric  circuit,  thus  sending  im- 


806 


ELECTRIC  RAILWAY  HANDBOOK 


pulses  of  current  out  on  the  signal  circuit.  These  impulses  of 
current  pass  through  electromagnets  in  the  signals  and,  in  a  few 
seconds,  the  pendulum  of  the  length  of  the  one  started  by  the 
dispatcher  is  made  to  vibrate  by  the  electromagnet  to  such  an 
extent  that  it  mechanically  trips  the  release  which  sets  the  signal. 
As  the  signal  sets  it  closes  a  sounder  circuit  to  the  dispatcher's 
office,  thus  giving  indication  that  the  signal  has  been  set.  There  are 
several  signal  systems  in  which  a  spring  or  weight-driven  selector 
in  the  dispatcher's  office  sends  out  impulses  which  will  operate 
a  desired  signal.  The  selector  signals  are  generally  reset  manually 
at  the  signal  or  by  cooperation  of  the  dispatcher  and  someone  at 
the  signal. 

Siimnen  Signal  System.  The  Simmen  signal  system  provides 
a  means  whereby  a  signal  may  be  set  on  a  train  by  the  dispatcher 
and  a  continuous  record  showing  the  location  of  all  trains  and 
the  speeds  at  which  they  are  running  through  the  blocks  is  drawn 
in  the  dispatcher's  office:    The  system  operates  independently  of  the 
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Fig.  27. — Main  control  circuits,  ^mmen  signal  system. 

train  propulsion  current  supply.  The  circuits  of  this  system  divide 
into  two  main  parts;  the  mam  control  circuit  (Fig.  27)  and  the  car 
circuit  (Fig.  28).  Three  sections  of  third  rail  (each  about  75  ft. 
long)  at  the  sidings  are  connected  by  line  wire  to  relays,  dispatcher's 
control  switches  and  a  battery  in  the  dispatcher's  office.  *Tne  return 
is  over  the  track  rails.  The  car  equipment  consists  essentially  of  a 
third-ran  shoe,  local  battery,  relay  and  two  signal  lamps  (one  r«i  and 
one  green) .  The  short  lengths  of  contact  rail  are  located  one  opposite 
the  switch  and  two  others,  2000  ft.  distant  in  each  direction.  The 
rail  at  the  siding  is  called  the  home  rail  and  the  other  two  are  called 
distant  rails.  By  means  of  the  two  rails  located  2000  ft.  from  the 
siding  it  is  possible  to  inform  the  crew  of  its  signal,  sufficiently  far  in 
advance  to  permit  the  stop  to  be  made  before  the  siding  is  reached 
That  is  to  say,  if  two  trayis  are  approaching  a  siding  where  they  are 
to  meet,  they  will  receive  red  signals  when  4000  ft.  apart  and 
each  train  will  yet  have  2000  ft.  distance  remaining  in  which  to  come 
under  control  to  make  the  siding  stop.    When  a  car  passes,  the 
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contact  shoe  attached  to  the  side  of  the  truck  touches  the  third 
rail.  The  circuit  is  then  completed  through  a  relay  on  the  car  and 
through  the  running  gear  of  the  car  to  the  rail.  Thus  the  car 
relay  is  put  in  series  with  the  relay  and  the  control  switch  at  the 
dispatcher's  office.  .  If  a  contact  rail  is  energized  (by  the  closing  of 
the  dispatcher's  control  switch)  a  "clear"  isignal  will  be  given  on  a 
train  passing  the  contact  rail.  A  "dear"  signal  received  in  enter- 
ing a  new  block  will  continue  to  show  "  clear"  throughout  the 
block,  and  a  "danger"  signal  once  displayed  will  continue  at 
"danger"  until  it  is  automatically  cleared  when  a  train  is  passing 
an  energized  third  rail.  The  third  rail  has  inclined  approaches  at 
each  end.    When  the  contact  shoe  (Fig.  28)  approaches  the  third 
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Fig.  38. — Car  circuit,  Simmen  signal  system. 

rail,  the  shoe  is  raised  and  arm  R  of  the  contact  shoe  separates  from 
front  stop  S.  If  the  third  rail  is  energized  a  circuit  is  established 
through  the  dispatcher's  office.  With  this  circuit  energized  the 
relay  w  11  be  energized  and  its  armature  will  close  the  circuit  through 
a  green  or  "clear"  signal  lamp,  as  well  as  another  circuit  to  front 
stop  S.  As  soon  as  the  shoe  leaves  a  third  rail  a  spring  forces 
contact  arm  IS  against  front  stop  5,  thus  closing  a  local  holding 
circuit.  In  this  manner  the  "clear"  signal  is  continued  throughout 
the  entire  block  entered.  When  a  car  passes  a  de-energized  rail  a 
"danger"  signal  is  displayed  and  held  until  an  energized  third  rail 
is  passed.  The  dispatcher's  switches  are  interlocked  to  prevent  the 
dispatcher,  giving  a  "clear"  signal  to  a  train  at  one  end  of  a  block 
before  a  "danger"  signal  is  set  against  an  opposing  train  at  the 
other  end  of  the  block.  A  record  of  the  movement  of  trains  is 
made  on  a  train  sheet  driven  by  clockwork.  Elapsed  time  is 
measured  on  the  sheet  in  the  direction  of  motion  of  the  sheet  and 
train  location  (by  blocks)  is  given  perpendicular  to  this  direction. 
The  record  is  made  by  neecUes  operated  by  electromagnets  con- 
trolled by  the  main  relays  in  the  dispatcher's  control  switch  cir- 
cuits. There  are  two  needles  for  each  block,  one  needle  records 
the  movement  of  a  train  running  in  one  direction  through  a  block 
and  the  other  needle  records  the  movement  of  a  train  running  in 
the  other  direction  through  that  block.  The  record  is  given  by  a 
slit  cut  in  the  paper  by  a  needle  which  is  made  to  continue  cutting 
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the  slit  throughout  the  time  a  train  bound  in  the  direction  for  which 
that  needle  records  is  in  the  block  represented  by  that  needle. 

Audible  Sigmd.  By  this  device  (Federal  Signal  Co.)  an  audible 
signal  sufficiently  loud  to  attract  the  attention  of  all  persons  on  a 
passing  train  is  given.  If  a  train  without  the  brakes  applied  passes 
a  caution  signal,  a  relay  in  a  track  circuit  is  de-energized.  This 
causes  four  torpedoes  placed  at  the  caution  signal  to  be  successively 
exploded  at  hsdf-second  intervals.  Arrangement  is  made  whereby 
the  operation  of  the  audible  signal  may  be  prevented  from  the 
train  if  the  brakes  are  applied.  This  is  done  by  a  circuit  made 
through  a  short  contact  rail  placed  beside  the  running  rail. 

Sig^  Maintenance.  The  following  regarding  the  maintenance 
of  signals,  from  the  Electric  Railway  Journal,  1914*  is  an  outline  of 
methods  in  use  on  th&  Boston  Elevated  Railway  System,  and  is 
an  example  of  good  practice.  There  are  about  27  miles  of  main- 
line elevated,  subway  and  tunnel  track  on  which  about  250  electro- 
pneumatic  signals  operate.  Some  of  these  are  operated  by  alternat- 
ing current  using  double-rail  return,  the  local  transformers  are 
supplied  from  550  volt  mains  and  the  maximum  supply  to  the 
track  circuits  is  10  volts.  The  rest  are  operated  by  direct  current 
using  single-rail  return,  the  potential  of  the  direct-current  supply 
mains  is  no  volts,  the  potential  across  the  track  relays  is  15  to 
20  volts. 

Organization  of  Signal  Maintenance,  The  maintenance  of 
signals  and  interlocking  and  aU  new  construction  in  connection 
with  either  is  handled  by  the  company's  department  of  maintenance 
of  way,  headed  by  a  chief  engineer  responsible  to  the  chief  of 
maintenance.  Reporting  to  the  former  through  the  superintendent 
of  rapid  transit  lines  is  a  roadmaster  of  rapid  transit  lines,  and  to 
the  last-named  official  the  head  of  the  signal  department  reports, 
with  the  title  of  inspector  of  signals.  The  inspector  of  sigiuds  is 
assisted  in  executive  duties  by  a  general  foreman  of  signals,  under 
whom  are  a  foreman  of  interlocking  construction,  a  foreman  of 
electrical  construction,  ten  signal  maintainers,  fourteen  interlock- 
ing maintainers,  and  a  Cambridge  subway  foreman,  under  whom 
are  seven  men,  four  being  assigned  to  interlocking  and  three  to 
signals.  Under  the  foreman  of  interlocking  construction  are  five 
constructors  and  helpers,  and  under  the  foreman  of  electrical  con- 
struction are  also  five  constructors  and  helpers.  These  are  two 
classes  of  interlocking  maintainors,  the  first  class  being  responsible 
for  both  electrical  and  mechanical  interlocking  apparatus,  and 
working  from  5:30  a.m.  to  3  p.m.,  the  second  dass  having  no 
responsibilities  in  relation  to  electric  interlocking  maintenance, 
but  otherwise  having  the  duties  of  the  first  class,  their  working 
hours  being  from  3  p.m.  to  12:30  a.m.  Train  service  on  the  rapid 
transit  lines  extends  roughly  from  5 :  30  to  1 2 :  30  a.m.  daily.  There 
are  also  two  office  foremen  who  report  to  the  general  foreman  or 
the  inspector  of  signals,  and  who  have  general  charge  of  all  signals 
and  interlocking  forces  in  the  absence  of  both.  Maintainers  are 
promoted  from  construction  crews,  the  senior  construction  man 
being  utilized  as  a  spare  maintainer.  He  thus  has  experience  in 
the  work  prior  to  becoming  full-fledged  maintainer.    Before  at- 
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taining  this  rank  the  candidate  is  required  to  pass  an  oral  and 
written  examination  given  by  the  inspector  of  signals,  the  written 
portion  dealing  mainly  with  the  making  and  interpretation  of  signal 
or  interlocking  wiring  diagrams.  The  track  layout  requires  the 
use  of  eleven  interlocking  towers,  which  are  in  general  operated  in 
three  daily  tricks,  as  follows:  First  trick,  12  midnight  to  9  a.m.; 
second  trick,  9  a.m.  to  6  p.m.;  third  trick,  3  p.m.  to  12  midnight. 
An  overlap  is  thus  provided  to  care  for  the  afternoon  rush-hour 
conditions.  Monthly  shifts  in  tricks  are  made  in  regular  rotation 
by  signal  maintainers.  Men  on  the  first  trick  work  in  connection 
with  night  construction  and  repair  crews  are  required  to  understand 
both  electrical  and  mechanical  apparatus.  Towermen  are  directly 
responsible  to  the  train  dispatcher. 

Duties  of  Signal  Maintainers,  Signal  maintainers  on  the 
elevated  lines  stnd  in  the  Washington  Street  tunnel  ^ork  in  three 
daily  shifts,  viz.,  12  midnight  to  9  a.m.,  9  a.m.  to  6  p.m.,  and  3  p.m. 
to  12  midnight.  Those  in  the  Cambridge  subway  work  from  12 
midnight  to  9  a.m.,  from  6  a.m.  to  3  p.m.  and  from  3  p.m.  to  mid- 
night. The  following  outline  of  the  distribution  of  maintenance 
work  on  signal  equipment  in  the  Cambridge  subway  illustrates  the 
character  of  the  duties  required: 

First  trick,  midnight  to  9  a.m. :  Inspect  all  lamps  in  subway  in- 
verts, Eliot  Square  shop  and  yard,  with  necessary  replacements. 
L(>ok  after  cleaning  of  all  electric  light  switchboards  (sixty-three 
in  number).  See  that  automatic  throw-over  switches  supplying 
emergency  subway  lighting  current  are  working  properly.  In- 
spect pumps  at  five  pump  chambers  between  Harvard  Square  and 
Kendall  Square,  inclusive.  Test  cross-over  track  switches  at 
Kendall  and  Quincy  Squares.  Answer  emergency  calls  for  light 
or  signal  trouble. 

Second  trick,  6  a.m.  to  3  p.m. :  Inspect  and  keep  oiled  all  signal 
apparatus  between  Harvard  Square  and  Park  Street,  covering 
twenty-four  straight  electric  signals,  three  electrepneumatics  on 
bridge  and  twenty-seven  automatic  stops.  Inspect  pumps  in 
chambers  daily  and  answer  emergency  calls. 

Third  trick,  3  p.m.  to  midnight:  Inspect  daily  and  keep  cleaned 
and  oiled  all  pumping  apparatus.  Inspect  and  clean  ejectors  at 
Harvard,  Central  and  Kendall  Squares.  Answer  light  and  signal 
emergency  calls.  All  maintainers  keep  tower  P,  at  Harvard  Square, 
informed  as  to  whereabouts. 

Light  parts  are  renewed  by  maintainers.  In  renewing  resistance 
tubes,  improving  contacts,  etc.,  the  signal  circuit  within  the  case 
is  killed  by  pulling  an  inclosed  fuse.  In  general,  relay  adjustments 
are  made  at  the  office  of  the  inspector  of  signals  by  an  office  foreman, 
who  specializes  in  this  delicate  work.  In  the  Cambridge  subway  a 
maintainer  often  receives  from  fifteen  to  twenty  calls  daily  to  replace 
burned-out  lamps,  fuses  or  other  light  repairs.  The  inspection  of 
motor-generator  sets  in  towers  which  furnish  current  at  no  volts 
to  the  signal  mains  is  handled  by  signal  maintainers,  storage 
batteries  being  kept  in  condition  by  interlocking  maintainers. 

Signal  Maintenance  Records  and  Reports,  Each  signal  depart- 
ment employee  is  provided  with  a  4-m.  by  8-in.  pocketbook  of 
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blueprints  containing  the  standard  symbols  of  the  Railway  Signal 
Association,  lists  of  standard  terminal  strips,  wiring  diagrams  of  all 
signal,  track  and  supply  circuits  of  typical  arrangement  oh  the  sys- 
tem, wiring  of  detector  and  interlocking  machines,  surface  car 
signals  and  track  switches,  track  layouts  at  important  junctions, 
car  clearance  diagrams,  speed  tables,  heater  wiring,  telephone 
circuits  and  platform,  clearances,  with  an  explanation  of  pneu- 
matic valve  operation  and  other  data  bearing  directly  on  the  work 
of  the  department.  Reports  of  signal  troubles  are  transmitted  to 
the  train  dispatcher  by  telephone  or  telegraph  and  are  at  once 
turned  over  to  the  signal  maintainers  and  then  to  the  signal  in- 
spector's office.  Each  maintainer  upon  completing  a  repair  job 
or  upon  adjusting  any  operating  trouble  reports  to  the  office  on  a 
4-in.  by  6-in.  slip  recording  the  nature  of  the  trouble,  the  time 
required  to  'attend  to  it,  etc.,  retaining  a  yellow  carbon  copy 
for  reference.  From  the  reports  of  maintainers  a  3-in.  by  5-in.  day 
card  is  made  up,  giving  the  signal  number  and  the  cause  of  trouble 
reported,  and  from  the  day  cards  a  monthly  report  to  the  road- 
master  is  compiled,  showing  in  summary  form  the  date  of  occurrence 
of  each  trouble,  the  kind  of  trouble  experienced  and  an  ansdysis  of 
the  month's  operations.  ' 

Crossing  Protection.  Automatic  highway  crossing  protection 
may  be  afforded  by  a  gate,  an  audible  or  a  visible  signal,  or  by  a 
combination  of  these,  to  warn  highway  traffic.  Which  should  be 
used  at  a  given  crossing  depends  upon  the  traffic  conditions  on 
both  the  railway  and  the  highway,  also  upon  the  particular  sur- 
roundings of  the  situation.  The  audible  signal  is  given  by  either  a 
gong  having  a  frequency  of  about  200  strokes  per  minute  or  by  a 
horn.  The  visible  signal  is  given  in  the  daytime  by  the  gate 
itself  which  is  painted  so  that  it  is  conspicuous  against  its  back- 
ground and  at  night  by  electric  Ught  or  oil  lamp> — Ae  latter  being 
arranged  with  screens  operating  to  expose  the  proper  danger  signal. 
To  avoid  unnecessary  stops  or  slowdowns  at  a  crossing,  a  signal 
operating  with  the  highway  protection  device  is  sometimes  placed 
to  indicate  to  the  motorman  whether  or  not  the  crossing  device  has 
operated.  Such  a  signal  is  commonly  arranged  to  indicate  "dan- 
ger" normally  and  "clear"  when  the  crossing  device  is  0{)erating. 

Crossing  protection  signals  may  be  operated  by  any  of  the  means 
used  for  ordinary  block  signals  with  the  exception  that  in  any  par- 
ticular installation  the  means  employed  must  be  such  as  not  to 
interfere  with  the  proper  working  of  the  block-signal  system.  A 
great  many  crossing  protection  devices  have  been  devdoped. 
Following  are  a  few  typical  schemes  illustrative  of  methods  em- 
ploying differing  principles. 

Crossing  Gate  (of  the  Cook  Railway  Signal  Co.).  The  gate- 
operating  outfit  consists  of  a  motor-driven  worm-gear  mechanism 
so  interconnected  by  means  of  a  magnet  clutch  as  to  cause  the  gate 
arm  to  fall  to  the  "danger"  or  horizontal  position  upon  the  cutting 
off  of  the  current,  and  to  cause  the  operating  mechanism  to  raise 
the  gate  arm*  to  the  "clear"  position  upon  the  return  of  current. 
The  fall  of  the  gate  arm  to  the  "danger"  position  is  not  a  sudden 
drop,  as  it  is  controlled  by  a  band  brake,  wnich  in  turn  is  controlled 
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by  a  governor.  This  brake  and  its  governor  connection  are  so 
constructed  that  they  are  adjustable,  thus  giving  a  quick  or  an 
extremely  slow  fall  to  the  *' danger'^  position.  The  gate  mechan- 
ism is  set  into  operation  by  the  passage  of  the  train  over  a  track 
or  trolley  instrument  located  at  a  suitable  distance  from  the  cross- 
ing, and  it  is  restored  when  the  train  passes  another  track  or  trolley 
instrument  at  the  crossing. 

Trolley  Switch  and  Audible  <»r  Visible  SignaL  A  "setting'' 
switch  is  placed  in  the  trolley  wire  at  the  approach  to  the  cross- 
ing and  a  "restoring"  switch  is  placed  in  the  trolley  wire  at 
the  crossing.  The  trolley  wheel  of  a  car  passing  the  "setting" 
switch  closes  a  momentary  contact  to  energize  the  setting  magnet 
of  a  relay  in  the  crossing  mechanism,  causes  its  armature  to  be 
attracted  and  mechanically  latched  in  position.  This  operation 
closes  a  permanent  feed  from  trolley  across  contact  points  on  the 
relay  to  the  bell  and  through  resistance  to  ground.  Upon  reach- 
ing the  crossing,  the  trolley  wheel  on  the  car  closes  a  momentary 
contact  in  the  "restoring"  switch,  which,  being  connected  to  the 
restoring  magnet  of  the  relay,  causes  its  armature  to  be  attracted, 
which  operation  unlocks  the  mechanical  latch  above  mentioned, 
allowing  the  armature  of  the  setting  magnet  to  fall  by  gravity 
and  opening  the  trolley  feed,  thus  restoring  the  signal  to  the 
inoperative  condition.  The  circuits  may  be  arranged  to  illumi- 
nate a  danger  sign  at  the  crossing  or  for  other  lamp  or  light  ar- 
rangement such  as  the  use  of  red  lights  on  the  highway  each  side 
of  the  crossing  or  such  other  arrangement  as.  will  best  suit  the 
particular  case. 

Third  Rail  Contact.  (Sedwick.)  A  section  of  third  rail  is  laid  on 
the  side  of  the  track  opposite  to  that  of  the  regular  third  rail  which 
supplies  the  train  propulsion  current.  When  a  car  passes  this 
point,  the  contact  shoes  of  the  car,  being  all  four  in  parallel,  make 
contact  between  the  regular  third  rail  and  the  above-noted  in- 
sulated section  on  the  other  side  of  the  track.  There  is  a  circuit 
from  the  insulated  section  through  a  relay  and  thence  to  ground. 
The  relay  has  two  sets  of  coils.  When  a  car  is  approaching  the 
crossing  it  passes  over  the  section  of  rail  which  makes  the  contact 
so  as  to  energize  one  pair  of  coils  in  the  relay.  The  armature  of  the 
relay  is  then  pulled  over  so  as  to  make  contact  and  establish  a  cir- 
cuit from  the  regular  third  rail  through  a  bank  of  five  lamps  to 
ground.  An  alarm  bell  is  connected  in  shunt  with  one  of  these 
lamps.  The  lamps  are  lighted  and  the  bell  is  rung  until  the  car 
passes  a  second  section  of  third  rail  which  is  beyond  the  crossing. 
In  passing  this  section  a  circuit  is  established  through  the  other 
pair  of  coils  on  the  relay,  which  results  in  opening  the  alarm  bell 
circuit  and  putting  the  signal  out  of  operation  until  again  ener- 
gized by  a  car  approaching  the  crossing. 

Plunger  Contactor.  (Sauer  and  Johnson.)  In  this  signal,  the  car 
wheels,  in  passing,  depress  the  plunger  of  a  track  instrument, 
located  dose  beside  the  rail.  This  plunger  is  held  up  by  a  stiff 
spring  and  can  be  depressed  only  by  the  car  wheels.  The  car 
wheels,  in  depressing  this  plunger,  operate  a  lever  which  pushes  an 
armature  up  in  a  solenoid.    This  armature,  when  at  the  upper 
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limit  of  its  travel,  makes  contact  between  two  fingers,  thus  com- 
pleting the  circuit  from  the  trolley  or  third  rail  through  the  solen- 
oid coil.  The  coil  thus  being  energized,  holds  the  plunger  up  of 
itself.  The  same  circuit  passes  through  the  alarm  bell  and  bai&  of 
lamps.  The  alarm  bell  circuit  is  broken  by  the  passing  of  the  car 
wheels  over  a  similar  track  instrument  on  the  other  side  of  the 
crossing,  which  momentarily  breaks  the  circuit  and  causes  the 
solenoid  of  the  track  instrument  on  the  other  side  of  the  crossing 
to  let  go. 

Oscillator.  (Protective  Signal  Manufacturing  Co.)  The  oscillator 
is  a  rugged  contacting  device  inclosed  in  a  waterproof  iron  casing, 
so  arranged  that  it  may  be  fastened  mechanically,  in  a  rigid  way, 
to  the  base  of  the  running  rail.  It  consists  of  a  spring  arm  held  at 
one  end  and  carrying  at  the  other  end  a  magnetic  coil  in  series  with 
the  line  circuit  connecting  the  oscillator  and  the  signal  mechanism 
at  the  crossing.  Normally  this  contact  is  broken,  but  the  move- 
ment or  swing  of  the  arm  by  vibration  causes  it  to  open  the  circuit 
momentarily  at  its  outer  end  and  thus  start  the  operation  of  the  cross- 
ing bell.  The  bell  is  kept  ringing  during  the  interval  between  the 
time  that  the  train  passes  over  the  oscillator  and  the  time  when  it 
reaches  the  crossing  by  means  of  a  magnetic  timer  conasting  of  a 
ratchet  wheel  revolved  by  means  of  a  magnetically  operated  pawl 
and  retent,  connected  in  series  with  the  bell  circuit.  This  is 
usually  set  to  operate  for  30  seconds  after  the  oscillator  has  closed 
the  line  circuit. 

Magneto  Mechanical.  (Hoescheh  Manufacturing  Co.)  This  ap- 
paratus operates  independently  of  an  external  supply  of  electric 
current.  One  end  of  a  lever  pivoted  near  a  rail  extends  under  the 
rail.  The  other  end'  carries  the  armature  of  a  pair  of  induction 
coils  having  permanent  magnets  for  cores.  The  passage  of  a  train 
over  the  outer  end  of  this  lever  depresses  it,  thus  lifting  the  arma- 
ture from  the  magnets.  This  induces  a  momentary  electromotive 
force  in  the  induction  coils  and  the  resulting  current  is  conducted 
through  line  wires  to  the  release  magnets  which  control  the  bell 
motor  at  the  crossing.  The  bell  motor  consists  of  a  gear  move- 
ment of  three  wheels  used  in  connection  with  three  motor  springs. 
These  springs  are  secured  to  the  main  driving  shaft  of  the  motor 
and  are  wound  by  a  rod  connected  directly  with  a  lever  resting 
against  the  underside  of  the  rail  at  a  point  opposite  the  motor. 
When  the  rail  at  that  point  is  depressed  by  the  wheel  of  each  car  of  a 
passing  train,  a  reciprocating  motion  of  the  winding  rod  (motor 
lever)  is  obtained,  tnus  winding  the  springs  and  restoring  ^e  re- 
leasing* lever  which  controls  the  motor.  The  connecting  rods,  ex- 
tending from  the  winding  rod  to  the  pawl  plates  on  which  are 
carried  the  dogs  for  turning  the  ratchet  wheel  are  arranged  to  wind 
the  ratchet  wheel  on  both  the  upward  and  downward  stroke  of  the 
winding  rod.  The  passing  of  one  car  will  wind  the  ratchet  more 
than  4  in.  The  motor  gearing  is  so  arranged  that  less  than 
this  amount  of  winding  is  needed  to  ring  the  bell  for  the  passing  of 
two  following  cars.  The  motor  stores  suflBcient  energy  to  ring 
the  bell  for  about  100  cars  before  rewinding  is  necessary. 
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Automatic  Train  Stop 

The  necessity  for  an  automatic  device  to  stop  a  train  increases 
as  train  speed  is  increase  and  as  headway  is  shortened,  becoming 
greatest  where  the  possibility  of  failure  to  promptly  see  and  obey  a 
danger  signal  is  greatest.  Automatic  train  stops  are  generally 
so  arrang^  that  the  train  may  "key  by"  in  an  emergency.  That 
is,  a  member  of  the  train  crew  may  arrest  the  operation  of  the  stop 
in  order  to  let  the  train  pass  into  the  block  protected.  Aside  from 
the  location  of  regular  stopping  places,  local  conditions  of  traffic 
and  right  of  way  and  the  type  and  method  of  signaling  in  use, 
the  climatic  conditions  under  which  the  train  stop  is  to  operate 
must  be  given  serious  consideration  in  deciding  upon  the  proper 
train  stop  for  a  required  service. 

The  Joint  Committee  on  Automatic  Train  Stops,  American  Rail- 
way Association,  Nov.,  19 13,  called  attention  tot  he  necessity  of 
studying  an  automatic  train  control  system  with  a  view  to  avoid- 
ing the  introduction  of  new  elements  of  danger  which  might  be 
greater  than  those  which  it  is  the  purpose  of  the  installation  to 
overcome.  This  is  because  no  automatic  train  control  device,  so 
far  as  known,  can  be  universally  applied  without  adding  elements 
of  danger  in  train  operation.  The  following  requisites  of  con- 
struction, installation  and  operation  of  an  automatic  train  controlling 
system  are  from  the  report  of  that  committee: 

Failure  of  any  essential  part  will  cause  the  application  of  the 
brakes. 

Proper  operation  under  all  conditions  of  speed,  weather,  wear, 
oscillation  and  shock. 

A  train  traveling  at  a  speed  conforming  to  restrictions  may  pass 
a  trip  in  the  tripping  condition  without  the  brakes  being  applied. 

Prevention  of  the  release  of  brakes  after  application  has  been 
made  until  the  train  has  been  stopped  or  its  speed  r^uced  to  a 
predetermined  rate. 

Stop  or  speed  control  accomplished  within  a  predetermined 
distance. 

Operation  without  interference  with  the  application  of  the 
brakes  by  the  motorman's  valve  and  without  a  reduction  in  the 
efficiency  of  the  brake  system. 

Operation  without  interference  with  fiixed  signals. 

Union  Switch  and  Signal  Automatic  Train  Stop.  Fig.  29  shows 
the  type  of  automatic  train  stop  used  on  the  Pennsylvania  Tunnel  & 
Terminal  installation  in  Ndw  York.  This  stop  consists  of  a  tripping 
arrangement  on  the  roadway  and  a  valve  under  the  car  which  can  be 
operated  by  the  tripper  to  set  the  brakes.  The  tripper  arm  carrpng 
the  tripper,  held  in  position  by  two  helical  spnngs,  is  mounted 
on  a  rodcer  arm  and  is  operated  in  connection  wit^b  the  signal  so 
that  when  the  latter  is  at  "clear"  the  tripper  arm  is  depressed,  by  a 
solenoid  or  compressed  air,  against  the  ties  and  thus  holds  the 
tri|^r  out  of  the  path  of  the  train  mechanism.  When,  however, 
the  signal  is  at  "danger"  the  tripper  arm  takes  the  vertical  posi- 
tion: soul  upon  being  struck  by  the  cushion  spring  on  the  train 
mechanism  the  tripper  revolves  about  its  axis  on  Uie  tripper  arm 
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and  <^>enLtes  the  valve  in  the  air  brake  system  as  indicatol  in 
the  figure.  The  tripper  is  of  light  and  flexible  coiistruction  in  order 
that  it  may  not  be  br^en  by  fast  trains.  Where  weather  or  other 
conditions  prevent  satisfactory  c^>eratioD  iinder  the  train  the  sti^ 
is  traced  oveihead 


Fic.  19. — Automatic  train  stop.  Pi 


Wilson  and  Wri^t  Automatic  Train  Stop.  The  following  is  an 
outline  of  the  train  stop  -and  its  operation  as  tised  on  the  Wadiing- 
ton  Water  Power  Company's  system:  A  pivoted  metal  arm  pro- 
ject" out  over  the  track  at  such  a  height  when  in  a  horizontal  posi- 
tiou  as  just  to  clear  the  roofs  of  the  cars.  This  arm  operates  with 
the  signal  so  that  when  the  signal  is  at  "danger"  the  arm  is  hori- 
eontal,  and  when  the  signal  is  at  "clear"  the  arm  is  raised,  ft-o- 
jecting  above  the  roof  of  each  motor  car  is  a  glass  tube,  sealed  at 
the  top  and  connected  to  the  train  air-brake  system  by  a  pipe  at 
the  bottom.     When   the  automatic  stop  arm  is  in  a  horizontal 

Esition  the  glass  tube  on  any  car  which  passes  the  stop  aim  would 
broken  off  and  the  air  in  the  brake  pipe  would  be  released.  This 
would  automatically  set  the  brakes  and  they  could  not  be  released 
until  a  new  tube  was  substituted.  In  the  event  of  failure  of  the 
signal  and  stop  arm  to  dear,  due  to  disamuigement  of  ^paratus  or 
circuits,  means  are  provided  for  raising  the  stop  arm  by  hand  so  as 
to  permit  a  tr^n  to  pass.  When  the  stop  has  operated,  the  glass 
tube  must  be  replaced  and  the  air-brake  system  recharged  before 
the  tr^n  can  proceed.  This  delay  is  of  little  .importance  except 
where  the  traffic  is  dense  and  the  headway  short.  To  provide  for 
auch  a  situation  a  long  valve  handle  has  been  substituted  for  the 
glass  tube.     This  hantUe  operates  a-valve  in  the  air-brake  jHpe. 

Other  Types  of  Automatic  Train  Stops.  In  the  operation  of  other 
typei  of  automatic  train  stops  the  control  mechanism  of  the  brakes 
on  the  train  is  influenced  from  the  track  by  mechanical  contact, 
electric  circuit,  mechanical  contact  and  electric  circuit,  magnetic 
induction  or  Hertzian  waves.  Brief  descriptions  of  several  of  these 
train  stops  may  be  found  in  the  1911  Proceedings  of  the  American 
Electric  Railway  Engineering  Association.  ■:  .ii. 
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Si^SKfsfeed  Clearances  for  Automatic  Train  Stop.  Fig.  30  shows 
the  limiting  clearances  for  automatic  train  stop  as  suggest^  by  the 
19H  Committee  on  Heavy  Electric  Traction,  A.E.R.E.A. 
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Pig.  30. — Clearances  for  automatic  train  stops. 

Telei^one 

General  Methods  of  Dispatching  by  Telephone.  Where  train 
^spatching  is  done  by  telephone,  the  telephone  is  either  contained 
in  a  booth  beside  the  track  or  it  is  carried  on  the  train.  In  the4atter 
case,  connection  with  the  line  is  made  to  terminals  situated  beside 
the  track  or  by  the  connections  provided  for  the  cab  signal.  Where 
the  telephone  is  the  only  method  of  signaling,  the  motorman  or  con- 
ductor of  a  train  calls  the  dispatcher  from  whom  he  then  receives  his 
running  orders.  Where  a  dispatcher's  signal  system  (see  p.  805)  in 
addition  to  the  telephone  is  used,  the  dispatcher  sets  a  signal  at 
which  the  train  stops  and  the  crew  communicates  with  the  dis- 
patcher. The  motorman  or  conductor  may  receive  the  order  and 
repeat  it  to  the  dispatcher  directly  or  the  motorman  or  conductor 
may  receive  the  order,  write  it,  meanwhile  making  a  carbon  copy 
which  he  gives  to  the  other  who  reads  it  back  to  the  dispatcher. 
The  latter  method  insures  the  least  chance  for  error  in  receiving 
the  order. 

Telephone  Dispatching  in  City  Operation.  The  following  is  a 
general  outline  of  the  system  of  telephone  dispatching  used  in 
Rochester,  N.  Y.,  where,  due  to  congestion,  traffic  handling  is 
unusually  complex:  The  chief  dispatcher  and  several  assistants 
are  stationed  at  a  special  dispatching  tele]}hone  switchboard 
located  in  the  railway  company's  office  building.  This  switch- 
board is  connected  by  means  of  wires  leased  from  the  tele- 
phone company  to  telephone  sets  located  at  every  line  terminal 
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and  at  main  intersections.    Telephone  sets  are  also  located  at 
canal  lift  bridges,  grade  crossings  and  other  points  where  delays  are 
liable  to  occur.     Each  motorman  is  required  to  report  immediately 
upon  his  arrival  at  a  terminal.    The  act  of  taking  the  receiver  off 
the  hook  at  the  terminal  telephone  immediately  illuminates  the 
line  lamp  at  the  dispatcher's  switchboard.    The  dispatcher  answers 
the  call  by  pressing  a  key  corresponding  with  the  lamp,  which  places 
him  in  direct  connection  with  the  motorman.    After  receiving  the 
call  the  dispatcher  gives  the  motorman  the  time  for  his  departure 
from  that  terminal  and  any  special  instructions  that  may  be  n^xled. 
The  system  in  this  way  gives  the  dispatcher  the  exact  location  of 
all  cars  and  advises  him  of  any  gaps  in  the  service.    In  case  of 
gaps  he  can  easily  order  out  ''trippers"  to  fill  in  until  service  again 
becomes  normal.    The  switchboard  used  at  the  dispatcher's  office 
is  made  up  in  the  form  of  a19at-top  desk  having  mounted  on  it  three 
turret-apparatus  cabinets.    Two  turrets  include  straight  dispatch- 
ing line  equipments,  while  the  third  is  a  combination  dispatcher's 
and  commercial  board.    During  the  rush  hours  three  dispatchers 
are  required,  but  ordinarily  one  or  two  are  sufficient.    Two  of  the 
turrets  contain  forty  dispatching  lines  each,  while  the  third  carries 
twenty  dispatching  lines  and  also  a  multiple  of  sixty  commercial 
lines  appearing  in  the  railway  company's  private  branch  exchange. 
This  arrangement  permits  tne  night  dispatcher,  whose  duties  are 
light,  to  care  for  the  commercial  business,  thereby  eliminating  a 
night  operator  for  the  commercial  or  regular  private  branch  ex- 
change board.     Space  is  provided  on  the  top  of  the  desk  for  sched- 
ules, train  sheets,  etc.    A  tier   of   drawers   accommodates    past 
records,  special  schedules  and  a  supply  of  dispatching  stationery. 
The  train' sheets,  arranged  by  train  number  and  also  in  chronolog- 
ical order,  are  always  before  each  dispatcher  so  that  the  whole  traffic 
situation  at  any  moment  can  be  read  at  a  glance.    Not  only  is 
the  best  of  service  under  normal  operating  conditions  assured  by  this 
system,  but  a  means  for  rapidly  straightening  out  traffic  tangles 
caused  by  delays  is  also  provided.    The  system  gives  the  railway 
company  a  permanent  record  of  every  train  movement,  late  cars  and 
times  of  accidents.    There  is  also  available  in  cases  of  court  actions 
much  exact  testimony  which  would  otherwise  be  based  upon  the  in- 
accurate memory  of  witnesses.    Furthermore,  train  crews  promptly 
report  trouble  with  cars  and  give  many  details  whichthey  would 
not  bother  to  make  out  in  written  form. 

Local  Battery  Telephones.  Local  battery  telephones  may  be 
divided  into  two  general  classes,  namely,  series  and  bridging. 

Series  Telephone,  (Fig.  31.)  Series  telephones  give  good  service 
where  there  is  only  one  telephone  per  line.  They  have  been  used 
where  there  are  several  telephones  per  line  by  connecting  them  in 
series  with  the  Une,  but  for  such  service  bridging  telephones  are 
more  satisfactory.  The  hook-switch,  H,  is  shown  in  its  raised  posi- 
tion, so  as  to  connect  the  receiver,  -R,  and  the  secondary,  S,  in 
series  in  a  circuit  between  the  binding  posts,  LL^  of  the  instrument; 
and  at  the  same  time  the  transmitter,  T,  the  primary,  P,  of  the  in- 
duction coil  and  the  battery,  5,  are  connect^  in  a  local  circuit  by 
themselves.    This  is  the  condition  for  receiving  or  transmitting 


TELEPHONES 


817 


speech.  When  the  hook  is  depressed,  as  when  the  telephone  is  not 
in  use,  the  bell  or  ringer,  R\  is  connected  across  the  binding  posts, 
ZX.  This  circuit  would  also  include  the  generator,  G,  but  for  the 
fact  that  it  is  normally  shunted-  out  by  the  springs,  g  and  g'.  The 
contact  between  these  springs  is  automatically  opened,  however, 
when  the  generator  is  operated  and  then  there  is  current  from  the 
generator  to  the  line  through  the  bell,  R',  The  springs,  gg\  form 
what  is  called  an  automatic  shunt  for  the  generator,  their  function 
being  to  remove  the  resistance  of  the  generator  armature  from  the 
circuit  at  all  times  save  when  the  generator  is  in  use. 


Fig.  31.-— Series  Telephone. 


Fig.  33. — Bridging  telephone. 


Bridging  Telephone.  (Fig.  32.)  Bridging  telephones  give  good 
service  where  it  is  necessary  to  have  several  telephones  per  line. 
For  this  service  these  instruments  are  bridged  across  the  hne,  that 
is,  they  are  connected  in  parallel  with  each  other.  In  the  bridging 
telephone  the  arrangement  of  the  receiver,  induction  coil,  trans- 
mitter and  battery  is  identical  with  that  of  the  series  telephone 
(Fig.  31).  The  ringer,  however,  is  bridged  permanently  across  the 
line  and  the  generator  is  placed  in  a  circuit  across  the  line  which 
is  normally  open,  but  wluch  is  closed  automatically  by  the  spring, 
;',  when  the  generator  is  operated. 

Telephone  Distorbance.  Annoying  inductive  effects  of  adjacent 
alternating  currents  may  be  sufficiently  reduced  by  transposing  the 
telephone  line  wires  relatively  to  each  other  so  that  the  influences  on 
one  side  of  the  line  shall  oppose  and  nearly  equal  the  influences  on 
the  other. 
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357  with  copper 752 

wire  tables, 

174  7S4»  7S6,  761.  762,  76$ 

185  Amer.  Inst.  Elec.  Engrs.  Stand- 

345  ardization  Rules.  221,  589 

172  Ampere-hour  meter  on  cars. ...   220 

Anchors,  guy 595 

218       Angle  bars '. 56 

172  Area,  relative,  of  shop  depart- 
17s  ments 123 

174  Armature  coils,  tests  of 297 

17s  dropping  on  pole  pieces. . .   317 

176  impregnation  of. 295 

178  insulation  for. .'. 294 

175  repairs 294 

178  room,  area  of 123 

174  location  of 133^  131 

173  shafts,  straightening 306 

178  speed,  maximum. 273 

170  temi>erature,  measurement 

176  of 234 

23  tests  of . .  .^ 296 

139  Armstrong  train  resistance  for- 

502  mula 151 

Assembly  room,  car  house .    i  o  2- 1 1 4 

505  Audible  signal 808 

517        Automatic  air  brake 502 

506  block  signal  system.'. 798 

500  sprinklers 1 03 

516  train  stop 813 

487       Automobile  bus  operation S77 

Axle,    annealed    carbon    steel, 

512  si>ecifications 432 

508  cold   rolled    steel,    specifi- 

487  cations 431 

487  heat  treated  carbon  steel, 

514  specifications 427 

498  life 434 

498  locating  crack  in 434 

motor,  standard  deisign  for.  428 
381  straightening 434 

517  trailer,  standard  design  for.  429 

516  wheel  mounting  on 444 

573  wheels,  gears,  shrink  fits.. .  445 

51A       Babbitt  bearing  formulas 318 

Sio  Baldwin     Locomotive     Works 

554  train    resistance    for- 

5 1 7  mula 153 

147       Ballast,  broken  stone 28 

Si6  burnt  clay .• 30 

S3  cars 23 

265  cinder 30 

378  depth  of 30 

266  gravel 28 

266  slag 28 

802  sections,  typical 29,  30 
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Page 

Battery  cars,  storage 540 

Bearing  formulas,  babbitt 318 

brass 3^7 

bronse 317 

friction,  railway  motors. . .   223 

life  and  lubrication 319 

liners 317 

Bending  rail. 70 

Berlin- Zossen    train    resistance 

formula zsa 

Beveled  rail  ends 64 

Bins  for  store  room zx8 

Blacksmith  shop 118 

area  of 123 

Block  signal  system 783 

automatic 798 

classification 798 

manual 797 

clearance  for 793 

Blood  train  resistance  formula.    152 

Boaie  trucks 4x1 

Bolts,  track 66 

Bonded  rail  joint,  resistance . . .  693 

Bonding,  track 689 

Bond 

amalgamated  terminal . .  691 

bolted  terminal 691 

brazed  terminal 691 

city  tracks 44,  45  ■ 

coxtipressed      and      ex- 
panded terminals 689 

design  of  rail  joint  for . .     59 
economic      replacement 

resistance. .' 700 

failure  in  service 692 

ideal 691 

impedance 803 

inductive 803 

len^h  of 693 

resistance 693 

sice  of 697 

soldered  terminal 691 

special  work 697^ 

testing 700,  702 

Booster  control  system 337 

Bow  collector 404 

Brake  adjustment,  tQO  close. . .   220 

air,  automatic 502 

combined    straight    and 

automatic 505 

cylinder  packing 517 

emergency  straight 500 

energy  requirements. ...   516 

vs.  hand ^.  479 

low  floor  cars 508 

storage  system 514 

straight 498 

types  of 498 

application  time 472 

applied  at  definite  speeds  .    183 

beam  pressure 484 

clasp 487 

cylinder  diameter 485 

standard 485- 

electric 509 

controller  for 332 

electro-pneumatic 506 

hand 496 

maintenance 497 


Page 
Brake  hanger  angle  of  suspen- 
sion    483 

heads,  standard 531 

inspection     and      mainte- 
nance     513 

leverage 485.487 

levers,  standard 485 

stress  in 487 

locomotive 586 

magnetic 509 

piston  area 485 

pressure   and   car^  weight, 

relation 484 

rigging  calculation  ...   491,  497 

efficiency 494 

for  low  floor  car 495 

shoe  coefficient  of  friction 

468-470 
energy      consumed      in 

heating  wheels  and. .  .   203 
general  performance  of . .   518 

position  on  wheel.' 487 

pressure 467,  484 

standard 521 

suspension 482 

various  types,  efficiency, 

wear  and  cost 519 

wear 517 

weight  of S19 

wheel  trueing 437 

slack  adjuster 489 

squealing 518 

Braking 467-534 

air  pressure 484 

amount  of  air  used  in 516 

by  bucking  motors 511 

comfortable  rates  of 174 

distance.  ,.• 467.  471,  472 

tests 473 

energy  consumed  m 303 

imi)ortance  of  high  rate  of.   467 
portion  of  si>eed-time  curve  1 79 

power 484, 486 

pressure,      high,      journal 

bearing  for 461 

rates,  formula 471 

r^enerative 213,  511 

time 473 

weight  transfer  in , . .  480 

wheel  failures  due  to 467 

Brass  bearing  formula 3x7 

Bridging   transition    series- 

parallel  control 333 

Broken  stone  ballast 28 

Bronze  bearing  formula 3x7 

Bruckner's  curve 6 

Bhish  contact  resistance  loss,  224 

holder  faults 282 

motor 284 

double  width 288 

friction 223 

life 288 

maximum  speed 288 

pressure 283 

setting 282 

tests 286 

wear 276 

treatment   for   wood   pre- 
servation    781 
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Buildings. » 97-134 

car  house,  design  of 102 

engineering  costs  on ^ 

repair  shops,  design  of ...  .    121 
shop*   factors  determining 

size 129 

ground  area  for 131 

square  feet  per  car 126 

Bumpers,  car,  standard  height.  55 1 

'track 113 

Burnt  clay  ballast. 30 


Cable  armor  specifications. . . .  664 
connections  to  rails... 698,  751 
paper  insulated,  single  con- 
ductor, specincations  666 
three  conductor,  apeci- 

fications 667 

rubber    insulated,    specifi- 
cations   656 

sheath,  insulating  joints  in.  733 

specifications 664 

terminology,  standard. ...  655 

Cab  signals. 806 

Capacity  and  eating  of  railway 

motors 221 

Cap  and  cone  insulators,  stand-' 

ard  dimensions 62^ 

Car,  articulated 536 

ballast 23 

bam,  see  car  house. 

bumpers,  standard  height.   551 

center  entrance 527,  535 

circuits,  minor. . . .- 573 

city,  typical 527 

cleaning 560 

double  deck 536 

economical'sise 527 

end  connections 554 

equipment,  electric,  weight 

^      <rf 23S-241 

flat 23 

framing,  types  of 534 

freight  and  express 550 

heater  circuits 573 

comparative     costs     of 

various  tyi>es 566 

electric 566 

thermostatic     control  568 

hot  air 565 

hot  water 565 

various  types. 564 

hoists. 134 

house  building,  design  of. .  102 
construction,  engineering 

costs  in 3 

conveniences 103 

cross-overs  in 102 

design,  details  of 107 

doors 113 

fire  protection  and  pre- 
vention    104 

foundations 108 

heating 120 

lighting 120 

lobbies 1x4,  120 


Page 

Car  house  pits 1 14-x  18 

roofs 109 

roof  supports-. 113 

.   sign  room 1 19 

tracks 97-101 

clearance  of 102 

spacing  of xo2 

transfer  tables  in 102 

walls 108 

washroom 1x9 

interurban 544 

miscellaneous  equipment 

for SS9 

lighting 573 

storage  battery 576 

low  floor 527 

brakes  for 495t  S08 

motors  for 24X 

trucks  for 4x6 

platform,  standard  height.   550 

prepayment 527 

rapid  transit 542 

seat  dimensions. 527 

single  end 526 

standard  dimensions  of . . . .   550 

steps,  height  of 55X 

storage  battery 540 

subway 54^ 

tests,  electric,  methods. ...   217 

ventilation 569 

weights,  comparison  <rf, . . .   527 

enect  on  train  resistance  X47 

on  operating  costs ....  525 

Carbon  in  steel  rail 5' 

Carts 13 

Cascade   control 383 

Cast  weld  rail  joints 59 

Catch  sidings 88 

Catenary    construction 6x0 

Cattle  guards 31 

Characteristic  curves  of  motors 

223.  242 
effect  of  change  in  gears, 
wheel  .   diameter      or 

voltage 242 

Chemical   composition   of   rail 

-  metals 52 

Chord  deflection  distance  table .      7  2 

Chromium  in  steel  rail 54 

Cinder  ballast 30 

Circular  curve,  laying  out. ....     72 

City  cars ,  energy  consumption .   216 

service  interurban  cars  in, 

energy  consumption . .   2x6 
streets,  track  construction 

in 33-45 

Clark-thermit  rail  joint 62 

Clark  train  resistance  formula.    X52 

Clasp  brake 4*7 

Classification  of  grading 5 

Clay  ballast,  burnt 30 

Clearance  of  car  house  tracks. .   102 
diagram  for  automatic  train 

stop 8x5 

for  block  signal 793 

for     overhead     working 

conductors 591 

for  poles 593 

for  third  rail 673 
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Pace 

Clearing  and  gmbbing,  specifi- 
cations for 4 

Clock,  ooastins 319 

cttirent-time 319 

Coasting  energy  consumed  in. .  303 

portion  ofspeed-tinie  curve  179 

time  reooroer 319 

Coefficient  ci  adhesion 139 

Comfortable  rates  of  accelera- 
tion and  braking 174 

Comnratating  pole  motors 393 

Comnratation,  defective 

37S.  282.  283.  39X 

Commutator  baking  and  tem- 
perature   376 

defects 378 

grooving 378 

insulation  test 376 

leads,  broken 383 

matenaU  and  construction, 

27Sf  377.  378 
pressure   in  mounting  on 

shaft 37S 

repair  by  water  glass 378 

slotting 378 

tools 379 

sparking  and  flash-over  391,  393 

wear 379 

Companies,  cdectric  railway, 
street  paving,  repair- 
ing, cleaning  and  snow 

removal  by 38-41 

Composition  of  rail  metals 53 

Compressor,     air,     alternating 

and  direct  current. ...   381 

dynamotor 373 

energy  requirements. ...    516 

gearless 517 

general  characteristics. .   516 

nigh  voltage 515 

inspection 513 

lubrication 513 

overhauling 513 

size  required 51J, 

tyi>es  of SiO 

Compromise  rail  joints 63 

Concatenation      of      induction 

motors 383 

Concrete  poles 635 

pole  settings ^93.  78 x 

Conductor  rails,  see  third  rail. 
British  Standard 
Method  of  Specifying 

Resistance 679 

comjxMition, resistance..  674 
temperature  coefficient. .   680 
Conductors,  contact,   A.I.E.E. 

Standardization  Rules  589 

economic  size  ci. 745 

resistivity  of 740 

Conduit  construction,  tile  duct.   670 

system,  slot 687 

Connector,  trailer  light 554 

Construction  cars 33,  33 

locomotives 33 

Contact    conductors,    A.I.E.E. 

Standardization  Rules  589 
resistance  of  earthed  con- 
ductors     706 


Pagb 
Contactors,      anziliary.      con- 
trollers with 351 

control 357.  363 

pneumatic. 363 

Contmuous  rating  of  motors 

331.  333 

CcmtroUing  apparatus 331-389 

Control,  alternating  and  direct 

current  combined 380 

altemating-cnrxent  motors.  378 

cascade 383 

contactor 357.363 

coupler 356.  363 

field 375 

high  voltage  direct  current 

'  A  ^          ^                  ^^'  ^Z" 
induction  motor 383 

regulator 381 

liquid  rheostats  for 383 

multiple-unit 354.  363 

advanta^res  of 353 

alternating-current    mo- 
tors      379 

automatic 357.  368 

battery  operated 370 

inspection  of 385 

maintenance  cost 387 

overhauling 386 

overload  trip 364 

power  operated,  see   mul- 
tiple unit. 

resistance  calculations 346 

connections 340 

multiple-unit 366 

reverser 357,  363 

rheostatic 331,  344 

■eric»-parallel 33 1 ,  341 

^  bridging  transition 333 

singie-phi^  series  motors.    378 

system,  booster 337 

Jones  (three-speed) 335 

tandem 383 

three-phase  motors 382 

transition  changes,  series  to 

parallel 331 

unit   switch,  see   multiple 

unit. 
Westinghouse  PK  system.    373 
Controllers  with  auxiliary  con- 
tactors      351 

data  on 235-341,  340—344 

drum  type  under  car 373 

electric  braking 333 

electro-pneumatic      opera- 
tion of  drum  type. . . .    373 

master 356,  363 

overhauling     and     inspec- 
tion    385 

points,  number  of 346 

series  motors 331 

weight  of 340-344 

Copper  loss,  railway  motors . . .    333 

Copper  wire  tables 753—764 

Core  loss  curve,  motor 331 

railway  motors 333 

Corrugations,  rail 64 

Coupler,  M.C.B.  standard  con- 
tour     554 

standard 553 
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Page 

Coupler,  standard  height 550 

with  wire  and  air  connec- 
tions..  554 

Cradle  suspension  of  motors. . .   329 
Cranes  in  repair  shops.  .......    133 

Creosote  oil  wood  preservation.   773 

Crossarm  gains 59a 

Crossarms 597 

preservative  treatment  of.   772 
Crossings,  highway  protection .    810 
overhead    wire,    specifxa- 

tions  for 645 

track 78.  84 

Cross-over  in  car  houses loa 

portable 85 

track 81 

Cross  ties 30 

Culvert  openings,  run-off  for- 
mulas for 24 

Current  in  cable  sheaths  and 

pipes 707 

capacity  of  trolley  wheel . .  396 

wire  tables. 7S8 

collecting  devices, 391-410 

equivalent  motor  heating 

231,  234 
fluctuations  during   accel- 
eration    345 

root  mean  square. ...    231,  234 

-time    clock 219 

curves i95 

in  underground  conductors  707 

Curve,  circular,  laving  out 72 

designation  of,  in  track. . .     68 
determination  of  degree  of .      71 

easement 73.  74 

flangeway  on 74 

grade  compensation  for. . .    169 
minimum,  for  given  truck.   454 

for  various  speieds 70 

protective  signal 783 

rail  groove  on 74 

resistance. 168 

special  rail  for 48 

speed  of  train  on 70 

spiral 73.  74 

superelevation     of     outer 

rail  on 68 

track  gage  on 74 

wheel  diameter,  wheel  base 

and  radius 454 

Curving  rail 70 

D 

Davis  train  resistance  formulas .    1 48 
Deceleration,  meastirement  of  .    176 

Depth  of  ballast 30 

Derailing  switches 88 

Dispatchers'  signal  systems. . . .   805 

Dispatching  by  telephone 815 

Distance  at  constant  accelera- 
tion     191 

run  and  energy  consump- 
tion, relation  between .    217 
and  schedule  speed,  re- 
lation between 217 

and    time,    relation    be- 
tween      t93 

-time  curve 179 


Page 
Distribution,  see  feeder. 

single-phase,  semi-balanced 

or  three-wire 688 

volta^^e,  choice  of 734 

Dodd  train  resistance  formula.    153 

Doors,  car  hotise ' . . . .    x  13 

Double  pinion  drive 316 

Double  trucks 411 

Draft  rigging,  radial,  standard.  553 

Dra^  scrapers 11 

Drainage  system  for  protection 

of  underground  conductors  724 

Drawbar  pull, 158 

Drifting  portion  of  speed-time 

curve 179 

Drive,  methods  of 325,  579 

Duct,  tile,  specifications 669 

Dynamotor  air  compressor 372 


E 


Earth,  cost  of  handling 9-24 

electrical  resistance  of 705 

Earthed     conductors,     contact 

resistance  of 706 

Earthwork  sections,  typical.    29,  30 

pay  auantities, 5 

shrinkage  of 5 

where  measured 5 

Easement  curves 73 

Eastern  Ry.  of  Prance  train  re- 
sistance formula 153 

Efficiency^  of  acceleration 206 

of  railway  motors 223 

Electric  brake 509 

controller  for 332 

car  tests,  methods 217 

power  shovels. 18 

railway  companies,  street 
paving,  repairing, 
cleaning  and  snow  re- 
moved by 38-41 

railways,  engineering  costs 

on I 

shovel  work,  cost  of 18 

track  switches 9^ 

weld  rail  joints 60 

Electrolysis. 704 

alternating-current 724 

"efficiency  of  corrosion". .   704 

mitigation 723 

rate  of Toa 

tests 700 

Electro-pneumatic  brake 506 

Elevation  of  outer  rail  on  curves  68 
Embankments,  shrinkage  of . . .  5 
Energy,  see  power. 

and   acceleration,   relation 

between 176 

consumed  in  braking 202 

in  coasting 202 

in    heating    brake-shoes 

and  wheels 203 

in  moving  train 202 

in  starting  resistance 210 

consumption  and  accelerat- 
ing force,  relation  be- 
tween     218 


S24 


INDEX 


Page 
Energy  consttmjptiofi.  chart. 

general 305 

Del  Mar-Woodbury  ap- 
proximation   208 

electric  shovels. 19 

length   of   run,    relation 

between 217 

in  practice,  167.  207.  213,  215, 

ai6,  217,  269.  S16,  S42.  SS«. 
736,  737.      ^       ,     . 
achedule  speed,  relation 

between.... 218 

starting  resistance 210 

traction 201 

regeneration  of 213 

saving  by  field  control ....  375 
by  high  rate  of  accelera- 
tion   17a 

by  regeneration 213 

by  train  operation 213 

by  use  of  checking  dt- 

vices 220 

Engineering    costs   on   electric 

railways. .  .^ i 

News  train  resistance  for- 
mula   153 

preliminaries. i 

Excavation,  classification  of . . .  5 
Expansion  in  laying  rail,  allow- 
ance for 63 

Express  cars '. . . .  550 

stations 121 

P 

Feeder  anchors 608 

bare  or  insulated 608 

calculations 739 

capacity,    small,    accelera- 
tion with 173 

design  for  city  distribution.  735 

economical  size  of 745 

negative  design 746 

negative  return,  insulated.  723 

positive  design 733 

sections 609 

taps  trolley 606 

wire  stringing 607 

Fences,  snow 3^ 

wire 32 

Ferro-titanium  steel  rails 54 

Field  coils,  insulation  for 30  z 

temperature,      measure- 
ment of 234 

tests  of 30Z 

control 375 

motors,  rating  and  capac- 
ity of 222 

Fire  hose 107 

nozzles  on  standpipes 105 

protection  and  prevention, 

car  house 103 

Flange  friction 147 

Plangeway  on  curves 74 

Flexibility  of  track . .  147 

Floor  construction IJ3 

Force  required  for  train  accel- 
eration   172 

Foundations,  car  house 108 


Page 

Freight  cars 550 

stations. . , 121 

train  resistance 157.  161 

Fresno  scrapers.' 11 

Friction,  see  train  resistance, 
brake-shoe  coefficient     of, 

468-470 
coefficient  of,  wheel  sliding.  469 

flan^ 147 

rolling 147 

Frogs,  track 78,  80.  83 

trolley. .' 602 

Front  end  of  car,  effect  of 
shape  on  train  resist- 
ance    163 

G 

GM;e,  track,  on  curves 74 

Galvanizing,  standard  test  for.  653 
Gearing  losses  in  railway  motors  324 

Gearless  motor 535 

Gear  ratio,  selection  of 330.  268 

Gears    and  pinions,  inspection 

and  lubrication  of .  . . .  323 

life  of 308.  310 

material,  wear,  310.  312,  315 
measurement  of  y^ear. . .  314 

pitch  of 307 

specifications 308 

stub  tooth 315 

two  sets  per  motor 316 

effect  of  change  on  charac- 
teristic curves  of  motors  342 

shrink  fits  on  axles 445 

solid,  bore  diameter  allow- 
ance   307 

pressure  to  place 307 

Girder  rail  sections 47 

Gotshall  train  resistance  for- 
mula     153 

Grade,  actual,  ruling,   virtual, 

momentum 142 

compensation 169 

determination  of 67 

resistance 170 

runaway  cars  on 88 

at  station  approach 2x2 

Grading 9-24 

additional  tracks 23 

classification  of. 5 

pay  quantities  in -. .       5 

Gravel  ballast a8 

train,  energy  consumption.   216 
Grids,   resistor,   data  on   com- 
mercial    350 

Grinding  machines,  rail 6$ 

rail  and  joints 64 

Grooved  rail  sections 47 

trolley  wire 624 

Groove,  rail,  on  curves 74 

Ground  area  for  shops 131 

Grounds  for  lighting  arresters. .   6zo 
Grubbing  and  clearing,   speci- 
fications for 4 

Guard  rails,  manganese 82 

sections. 47 

Guy  anchors 595 

wire  attachments 594 
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Guys,  pole S95 

trolley  wire 600 


H 


Hand  operated  lamp  signals . . .  796 

Hard  center  special  work 77 

Headway  calculations 135 

Heater,  car,  comparative  costs 

of  various  types 566 

consideration  of  various 

types 564 

electric 560 

hot  air 565 

hot  water 565 

circuits,  car 573 

electric    car,    thermostatic 

control 568 

Heating  buildings lao 

current,  motor,  equivalent, 

331,  334 
Highway  croesing  protection. . .   810 

Hoists,  car 134 

Horse-power  rating  of  motors. .   aa i 
Hose,  fire 107 


Ice  and  wind  loads,  wire  tables, 

7S9-76a 
Illinois  train  resistance  formula.  151 

Impedance  bonds 803 

Impregnating  compounds 305 

Impregnation  of  motor  arma- 
tures     a95 

fields 310 

Induction  motors a67 

control  for 38a 

synchronous  speed  . .  368,384 

■     regulator 381 

Inductive  bonds 803 

Inertia,  ratio  of  total  to  linear.    171 

Insert  special  work 79 

Insulated  cable,  specifications 

656-663 
negative  return  feeders. ...   733 
Insulating  joints  in  pipe  or  cable 

sheath 733 

in  rail 805 

materials 304 

varnishes. . , 304 

Insulation,  motor  armatures. . .   394 

field  coils. 30Z 

rubber,  thickness  of. 
Underwriters' require- 
ments. .* .* 657 

temperature  limitations  of 

various  classes  of 333 

Insulator,  cap  and  cone,  stand- 
ard dimensions 634 

Insurance    regulations    on    car 

houses X03 

Interpole  motors 393 

Interurban  cars 544 

in    6ity    service,  energy 

consumption 3x6 

service,  energy  consump- 
tion  • 3x5,  3X6 


Page 
J 

Joint,  bonded  rail,  resistance. .  693 

rail 56 

cast  weld 59 

Clark-thermit 63 

compromise 63 

design  for  bonds 59 

electric  weld 60 

grinding 64 

m  paved  streets 43,  44 

thermit  weld ox 

welded 59 

Jones  control  system 335 

Journal  bearing  for  high  braking 

pressure 46X 

lubrication  of 319 

semicircular 461 

standard 455 

boxes,  standard 455 

end  wear  of 455 

friction ia6 

lubrication 464 

packing  tools 465 

temx>eratures 465 

K 

Kelvin's  Law,   Kapp's  modifi- 
cation of 735 

Kilowatt  rating  of  motors 331 

Kinetic  energy  head X44 

L 

Ladder  tracks 97-101 

Lead  cable  sheath,  specifications  664 
pipe  and  cable  sheath,  re- 
sistance of 730 

Length  of  rail 53,  59 

of  run  and  energy  con- 
sumption, relation  be- 
tween   317 

and  schedule  speed,  re- 
lation between 317 

Lefis,  signal,  size  of 796 

suxuight  in, 793 

Light  qonnector,  trailer 554 

marker 577 

signal,  sunlight  in, 793 

Lighting,  car 573 

car  house 1 30 

storage  battery 576 

pit 130 

Lightning  arrester  grounds 610 

Linear  acceleration 170 

inertia,  ratio  of  total  inertia 

to 171 

Linemen 6x0 

Liquid  rheostats  for  motor  con- 
trol    383 

Load  curves,  power  station.  —   30i 

Load-time  curve,  motor 333 

Lobby,  car  house 103-114 

Locatioh  surveys,  cost  of x 

Locomotive  brakes 586 

construction. . . ., 33 

design,  mechanical  char- 
acteristics of 580 
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Locomotive,  driving  wheel  size .  $86 

electric S79 

motor  suspension 325 

steam  ana  electric,  tractive 

effort  characteristics. .   580 

Loosening  earth. . . . ; 9 

Losses  in  railway  motors 323 

Low  floor  cars 527 

brakes  for 495,  508 

motors  for 241 

trucks  for 416 

Lubrication     of     motor     and 

journal  bearings 3x9 

gears  and  pinions 323 

Lundie  train  resistance  formula.  15a 


M 


Machine  shop,  area  of 123 

Magnetic  brake 509 

MaHloux'    method  of    plotting 

speed-time  curves ... .    185 
train  resistance  formula. . .    152 

Manganese  guard  rails 82 

point  split  switches 80 

special  work 77 

steel  rail 54.  55 

in  steel  rail 52 

Manholes 673 

Manual  block  signal  system 797 

Marker  lamps,  electric 577 

Mass  diagram 6 

Master  controller 356,  363 

Maximum  traction  trucks 411 

Mayari  steel  rail 55 

Measurement  of  rail  wear 65 

Mershon  diagram 729 

Metals,    rail,     chemical    com- 
position of 52 

Momentum  grade 142 

Motors 221-329 

Motor,  alternating-current 265 

armatures  dropping  on  pole 

pieces 317 

impregnation  of 295 

insulation  for 294 

repairs ^  .   294 

speed,  maximum 273 

tests  of 296 

bearings 317 

friction  of 223 

life  and  lubrication  of .. .   319 

braking  by  bucking 511 

by  reversing Sn 

brushes 384 

contact  resistance  loss.. .   224 

double  width 288 

friction 223 

life 288 

maximum  speed 288 

pressure 283 

setting 282 

tests 286 

wear 276 

capacity  and  rating 221 

comparison  by  losses  . . .    233 
service   requirements, 
comparison.   226,  227,  230 


Page 
Motor  characteristic  curves  223.  242 
effect    of    change  '  in 
gears,  wheel  oiame- 

ter  or  voltage 242 

commutating  pole 292 

commutator 375 

controllers  foTi 235—241 

copper  loss 323 

-    continuous  rating  of . .    221,  332 

core  loss 223,  231 

curve,  acceleration  on 178 

efficiency  of 323 

drive,  methods  of. . . .   325,  579 
field  coils,  insulation  for.. .   301 

tests  of 301 

control 375 

rating  and  capacity  of  222 

gearing,  losses  in 324 

gearless 325 

gear  ratio,  selection  of 330 

gears  and  pinions,   inspec- 
tion and  lubrication  333 

life  of 308,  310 

material  and  wear, 

310,  3i«.  31S 
measurement  of  wear.    314 

pitch  of. 307 

specifications 308 

stub  tooth 315 

two  sets  per  motor. . .  316 
heating  current,  equivalent 

231.  234 

horse-power  rating 331 

induction 367 

control  for 383 

interpole 393 

kilowatt  rating 331 

list  of,  with  rating,  weight. 

and  controllers. . .   335—341 

load-time  curve 333 

location  on  truck 453 

losses 333 

low  floor  cars 341 

methods    of    transmitting 

power  to  driving  wheel  335 
performance  curves. .  333,  343 
permanent  series  operation.  360 

pinion  bore,  taper  of 307 

pressed  steel 341 

quill  suspension 335,  579 

.  rating  and  capacity  33  x  ,335— 341 

I>reliminary  selection  <^.    337 
resistance  of  direct  current.   364 

shaft  straightening 306 

single-phase  commutating.    365 

compensation  of 366 

direct  current  operation 

366.  380 

preventive  leads 366 

sparking 391 

specified  service,  selection 

for 334 

suspension  of. 335 

temperature  limitations  of.   221 

measurement  of 234 

tests  of,  in  service 234 

on  stand. .  .^ 225 

thermal  capacity  of 226 

three-phase 367 
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Motor,  three-phase,  control  for.  382 

tractive  effort 

139. 158, 196,  242,  589 

two  per  axle 329 

ventilation 273 

weight 235-241 

Motormen,  checks  on  operation  219 

Multiple-unit  control 354,  362 

automatic 357,  368 

battery  operated. 370 

inspection  of 385 

maintenance  cost 387 

overhauling 386 

resistance 366 

Multiple  unit  operation 554 

N 

Negative  feeder  connections  to 

track 698,  7SI 

return  feeders,  insulated.. .   723 

systems 746 

Nickel-ckrome  steel  rail 55 

Nickel  in  steel  rail S4 

Noise    in    track    construction. 

reduction  of 42 

Nose  suspension  of  motors 329 

O 

Oil  storage 119 

Openings,     culvert,     run-off 

formulas  for 24 

Overhaul 5 

Overhead     conductors,     clear- 
ances for. S9I 

crossings,  specifications  for  645 

Overload  tnp 364 

P 

Paint  shop 119 

area  of 123 

heating 120 

Pantograph  collector 404 

Paper  insulated  cable,  specifi- 
cations    666,  667 

Paved  street,  track  construction 

in.;.... 33-45 

Pay  quantities  in  grading 5 

Performance  curves  of  motors, 

223,  242 

Phosphorus  in  steel  rail 52 

Pinion  bore«  taper  of .   307 

Pinions   and   gears,   inspection 

and  lubrication  of . . . .   323 

life  of 308,  310 

material  and  wear 

310,  312,  315 

measurement  of  wear 314 

pitch  of 307 

specifications 308 

stub  tooth 315 

two  sets  per  motor 316 

Pipe  or  cable  sheath,  insulating 

joints  in 723 

current  in 707 

standard  cast  iron,  dimen- 
sions, weight  and  con- 
ductance    710 


Page 
Pipe,  standard  steel  or  wrought 
iron,  dimensions,  weight 

and  conductance 716 

steel,  physical  properties . .   630 

Pit  lighting 120 

repair    shops,    amount    of 

track  with 134 

track 1 14-1 18 

Platform,  car,  standard  height.   550 

Plow  collector,  slot 409 

Point  switch 81 

Pole  butt  reinforcement. ..'....   792 

cedar 632,  634 

chestnut 631 

clearances 592 

eastern  cedar. . 632 

framing 592 

guys S9S 

preservative  treatment  o(. .    772 

rake  of 593 

reinforced  concrete 635 

setting. 592 

concrete 593,  781 

spacing 592 

steel 625 

trolley  line 624 

western  cedar 634 

wood,  classification 625 

Portable  cross-over 85 

substation 732 

Positive  feeder  design 732 

Potential  survey 707 

time  curves 195 

Power,  see  Energy. 

factor  time  curves 196 

requirement   at   power   or 

substation 200,  201 

graphical  calculation 198 

for     train     during     ac- 
celeration     197,  198 

average 196 

at  constant  speed 1 97 

shovels. IS 

electric 18 

stations,  engineering  costs 

on 3 

load  curves 201 

effect  of  temperature 

on 167 

-time  curves 196 

Preliminaries,  engineering  cost 

of I 

Preservative  treatment  of  poles, 

crossarms  and  ties 772 

Profile,  virtual 143 


Quantities,  pay,  in  grading.  ...        5 
Quill  suspension  of  motors,  325,  579 


R 


Radial  axle  trucks 41  x 

Rail,   allowance  for  expansion 

in  laying 63 

alloyed  steel S3 

bending 70 
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Page 

Rail    bonds,  amalgamated  ter- 
minal   691 

bolted  terminal 691 

brased  terminal -  691 

city  track 44,  45 

compressed     and    e  x  « 

panded  terminals 689 

economic      replacement 

resistance 700 

failure  in  service 692 

ideal 691 

length 693 

resistance 693 

size 697 

soldered  terminal 691 

special  work 697 

testing 700,  70a 

braces  in  city  track 44i  45 

cable  connection  to. . .  698f  75i 

city  streets,  type  of 38-41 

conductor.   British  Stand- 
ard Method^ of  Speci- 
fying resistance. .....  679 

composition      and      re- 
sistance  .•  •  •  •  ^74 

temperature  coefficient.  680 

corrugations 64 

curves,  life  increased  by 
wheel  flange  lubri- 
cation  466 

curves,  sx>ecial ^8 

ends,  beveled 04 

finish  of 63 

ends,  undercut  of 64 

ferro- titanium  steel 54 

grinding 64 

machines 65 

groove  on  curves 74 

^ooved,  for  M.C.B.  flange.     48 

joints 56 

bonded,  resistance 693 

cast  weld 59 

Clark- thermit 62 

compromise 63 

design  for  bonds 59 

electric  weld 60 

grinding 64 

paved  streets A3 

thermit  weld 6x 

welded 59 

!«"«*}» .-.•  ••••/•   ^^*  *^ 

metal,  composition  of . . . .     5a 

paved  streets 43 

resistance 694 

sections 45-50 

wear,  measurement  of 65 

Rake  of  poles 593 

Rankine    train   resistance   for- 
mula     152 

Rating  and  capacity  of  railway 

motors 221 

Reactance,  wire  tables. . . .   766-771 

Reciprocals,  chart  of 187 

Regeneration,  entrfry  saving  by  213 

Regenerative  braking 213,  51  x 

Repair  shop,  area  of 123 

amount    of    track    with 

,    pits  in 134 

building,  design  of 12  x 


Page 

Repair  shop*  cranes  in 133 

number  of  cars  per  track  134 

track  spacing  in 133 

transfer  tables  in 133 

Resistance  calculations,  control.  346 

connections,  control 340 

direct-current      railway 

motors 264 

lead 720 

multiple-unit  control 366 

pipe 710,  716 

rail. 674,  694 

starting,  energy  consanii>- 

tion  in 210 

loss  in 210 

steps,  number  of  in  control.  346 

third  rail 674 

train 146 

wire  tables, 

per  1000  ft 753.  754 

^    ,    per  mile 755.  756 

Resistivity  of  conductors 740 

Resistor   grids,   data   on    com- 
mercial    350 

Retardation,  measurement  of . .    176 
Return  feeders,  insulated  nega- 
tive    723 

systems,  negative 7a6 

Reverser,  control 357,  363 

Reversing  motors  for  braking. .  511 

series  motors 340 

Rheostatic  control 331 

Rheostats,    liquid,    for    motor 

control 382 

Right  of  way,  cost  of 4 

fences 3a 

Roadbed  and  tracksi 1-95 

Roadbed    construction,    street 

railway 33-45 

in  paved  streets. ...   33,  42,  43 

Roller  trolley 480 

Rolling  friction 147 

Rolling  stock 525-587 

Roofs,  car  house X09 

Roof  supports,  oar  house xx3 

Rubber     insulated     wire     and 

cable,  standard 656 

insulation,  thickness  of. 
Underwriter's  Re- 
quirements  657 

Ruling  grade 142 

Runaway  cars  on  grades 88 

Run  curves 177 

length  of,  and  schedule 
speed,  relation  be- 
tween   217 

typical,  determination  of . .   X77 
Run-on   formulas   for   culvert 

openings... 24 

S 

Sag,    minimum    allowable,    in 

line  wire 762 

wire  tables,  600,  607,  618,  619, 

763.  764.  765 

Salt  storage X20 

Sand,      character      for      track 

sanding 564 
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Sand,  drying  and  storage 1 20 

effect  of,  in  braking 141 

Sanded  catch  siding 89 

Sanders,  track 574 

Schedules,  p^raphical 137 

preliminary  determination 

of I3S 

Schedule  speed  and  energy  con- 
sumption, relation  be* 

tween ai8 

and  length   of  run,   re- 
lation between 317 

Scrapers i  x 

Searies  train  resistance  formula  152 

Seasoning  timber 77a 

Seat  dimensions,  car 527 

Sectionalizin^     switch,      auto- 
matic    609 

Sections,  earthwork  and  ballast, 

typical 29,  30 

rail 45-50 

Selection  of  motor  for  specified 

service 224 

Semaphore  spectacle  design 793 

Series-parallel  control. 331 

Shape  of  front  end  of  car,  effect 

on  train  resistance. .. .    163 

Shelving  for  stock  room 118 

Sherardizing,  standard  test  for.  653 
Shop,    amount    of    track    with 

pits  in 134 

buildings,  engineering  costs 

on 4 

factors  determining  sise.    129 

repair,  design  of 121 

square  feet  per  car 126 

cars  per  track 134 

cranes  in 133 

departments,  relative  area 

of 123 

ground  area  for 131 

track  spacing  in 133 

transfer  tables  in I33 

Short      track      circuit      signal 

system 804 

Shoveling  earth 9 

Shovels,  hand,  design  of 10 

steam  and  electric 15-22 

Shrinka^^e  of  embankments. ...       5 
Shrink  fits,  wheels  and  gears  on 

axles 445 

Signals  and  communication  7  83-8 1 7 

Signal,  alternating-current 802 

aspects 793 

audible 808 

automatic  block 798 

block,  classification 798 

clearance  for 793 

cab 806 

curve  protection 783 

dispatchers' 805 

hand-operated  lamp 796 

indications 793 

lens,  size  of 7S>6 

light,     discemibleness     in 

sunlight 793 

location  and  arrangement.   783 

maintenance 808 

xnAnual  block 797 


Page 

Signal,  preliminary 784 

schemes  for  suburban  and 

interurban  service. . . .    784 

short  track  circuit 80J. 

Simmen 806 

staff 798 

track  circuit,  double  rail . .   803 

single  rail 802 

and  zinc-treated  ties. .  805 

trolley  operated 798 

Sign  room,  car  house 119 

Silicon  steel  rail 56 

in  steel  rail 52.  54 

Simmen  signal  system 800 

Single    phase    commutating 

motors 365 

distribution,  semi-bal- 
anced or  three-wire. . .  688 

motor  control 378 

trucks 41 X 

Slack  adjuster 489 

Slag  ballast 38 

Sleet  on  trolley 394 

Slipping  point  of  wheels 141 

Slot  conduit  system 687 

£low  collector 409 
train  resistance  formula.   152 

Snow  fences 32 

removal  by  street  railway 

companies 38-41 

Soils,  electrical  resistance  of . . .   705 
Soldering  in  line  construction. .  610 

Span  wire  attachments 594 

sag  and  horizontal  pull..   618 
Special  work,  construction  of . .     78 

hard  center 77 

manganese 77 

rail  bonds  at 697 

standard  for  T-rail 79 

Speed,  maximum,  and  accelera- 
tion, relation  between .   175 
and     average,     relation 

between 208 

schedule,  and  energy  con- 
sumption, relation  be-  - 

tween 218 

and  length   of  run,   re> 

lation  oetween 217 

-time  curve 177 

feneral  straight  line. ...   193 
ffailloux'      method      of 

plotting 185 

stepj-by-step  method 178 

straight  line f . . . .   190 

tracing  method 187 

varying  grades  and  aline- 

ment 184 

of  train  on  curves 70 

.  Spikes  in  city  track 44,  45 

effect  of  zinc  treatment  on.     30 

track 67 

Spiral  curves 73 

Splice  bars 56 

Sprague  train  resistance 

formula 152 

Spring  frog 83 

Sprinklers,  automatic 103 

oi»n.. 107 

Staff  signal  system 798 
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Page 
Standardization    Rules.    Amer. 

Inst.  Blec.  Engrs.,  321,  589 
Stand  pipes,  universal  nozzles 

on 105 

test  of  railway  motors. ...   225 

Starting,  train  resistance  at 167 

Station  approach,  track  grades 

at 2X2 

express  and  freight 121 

heating 120 

load,      power,     effect     of 

temperature  on 167 

power,  engineering  costs  on       3 
Steam     locomotive     compared 

with  electric 580 

passenger    service    energy 

consumption 316 

shovels 15 

Steel  rail  resistance 674,  694 

trestles,    design    and    con> 

struction  of 37 

Step-by-step     method,     speed- 
time  curves-. 178 

Stock  room,  shelving  for 118 

Stone  ballast,  broken 38 

Stops,  frequency  and  duration 

of 136 

Storage  battery  cars 540 

Storeroom,  area  of 123 

shelving z  18 

Straight  line  acceleration 178 

speed-time  curves. .    190,  Z93 
Stranded  wire  tables,  754.  7S6,  757f 

759,  760,  761,  762 
Street    paving,    repairing    and 
cleaning  by  street  rail- 
way companies 38-41 

railways,  engineering  costs 

op I 

roadbed  construction.   33'~37 

track,  city .••.•••  33-4S 

Streets,  city,  type  of  rail  in. .   38-41 
paved,   track  construction 

in 33-45 

Substation     number,     location 

and  design 733 

Suburban  service,  energy  con- 
sumption    215 

Subway  and  tunnel  sections.   90-92 
Sunlight,  discemibleness  of  light 

signal  in 793 

Superelevation  of  outer  rail  on 

track  curves 68 

Surveys,  electrolysis 706 

Surveys,  location,  cost  of i 

Suspension  of  motor 3^5 

Switch,  electric  track. . . .« 93 

points  and  mates 78 

stands 94 

ties 84 

Swivel  trucks 411 

Synchronous  speed  of  induction 

motor 368,  384 

T. 

Tandem  control 383 

Telephone,  bridging 817 

dispatching  by 8x5 
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Telephone,  local  battery 816 

series 816 

Temperature,    effect  on  power 

station  load 167 

effects  on  train  resistance. .  166 
limitations^  of   various 

classes  of  insulation . .   223 

of  motors 22 1 

Tempjorary  cross-over 8s 

Terminology,  standard  wire  and 

cable 655 

Tests  of  armature  coils 297 

of  electric  car,  methods.  .  .  217 
of  insulating  materials ....  305 
of  motor  armatures. ......    296 

field  coils 301 

of  motors  in  service 234 

Thermal  capacity  of  motors . . .   226 

Thermit  weld  rari  joints 61 

Thermostatic  odntrol  of  electric 

car  heaters. 568 

Third    rail,    British    Standard 
Method  of  Si>ecifying 

Resistance 679 

clearances,  standard.  . . .  673 

collector. , 400 

composition 674 

contact  shoe 400 

life  of 404 

gage,  definition 674 

and  elevation 589 

insulation 682 

location,  standard 673 

operation    in   snow   and 

sleet 684 

protection 683 

resistance 674 

sections  and  weight 680 

shoe 400 

sleet  remover 685 

support 681 

tem];>erature  coefficient. .   680 
Three-phase  induction  motors.    367 

motors,  control  for 383 

transmission  line    calcula- 
tions     733 

Three-speed  control  system ....  335 

Tie  plates  in  city  track 44 

rods  in  city  track 44 

spacing 30 

Ties 30 

paved  streets 42 

preservative  treatment  of.   773 

switch 84 

zinc-treated,     and     signal 

track  circuits 805 

Tile  duct  conduit  construction.   670 

specifications 669 

Timber,  seasoning 773 

Time  and  distance  run,  relation 

between 193 

Tire,  steely  holding  power 446 

Titanium  in  steel  rail 54 

Ton,  standard 135 

Track  and  roadbed x-95 

Track,  additional,  grading  for. .     33 

bolts  and  spikes 66 

bonding 689 

bumpers X13 
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